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Preface 

The  purpose  of  our  stuuy  was  to  complete  the  analysis  of 
brain  data  from  the  first  cortical  implant  of  a  semiconductor 
multieieccroue  array.  We  hope  tnat  our  efforts  here  wii  aid 
fur tner  tests  or  muitieiectroue  array  implants.  Although  we 
were  unable  to  complete  an  our  desired  objectives  oocause  of 
various  problems  and  delays,  we  feel  that  we  analysed  most  of 
the  data  and  hopefully  answered  some  questions  raised  by  the 
previous  analysis  of torus. 

We  v/ish  to  than*  Dr.  iiattuew  dabrisuy  and  Lt.  Col.  Josepn 
Coi  on  an  for  tnei  r  imp  in  completing  tnis  thesis.  Tuey  gave 
us  cjiuauhco  uiiu  oncouia'jei.ion  u  veorjever  vo  itoecieo  in  tiie  most# 

We  also  wisii  to  thrum:  Cape .  Douglas  Fitzpatrick  for 
an j. sting  us  in  overcoming  tne  icainxiig  curve  of  tne  lindSCOWP 
compute  r  uii:.  roi  a  -  so  suing  a  trenenuous  ijt'ip  ^n  designing  tne 
cci.ij/U cc i  i' is o j L" t.i.uj  uaou  i.ii  ttiitij.Vc.in  i  tne  uuCti • 
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Abstract 

Previous  research  conducted  at  the  Air  Force  Institute  of 
Technology  (AFIT) ,  collected  ami  partially  analyzed  data  from  a 
Muitieiectroue  array  implanteu  on  the  visual  cortex  of  a  dog's 
brain.  The  work  presenteu  here  is  the  completion  of  tnis 
data  analysis.  Eiectroencepuaiog  ram  (LAG)  recordings  we  re¬ 
made  and  Visual  Evened  Response  (VE;-:)  techniques  were  used  on 
most  or  t no  data.  Tno  L'LG  strip  chart  recordings  oi splay 
evidence  or  low  frequency  alpha  waves,  thus  indicating  that 
the  semiconductor  array  impjant  is  a  suitaole  method  for 
extracting  bnui  data.  Summation/ averaging  of  cue  data  from 

individual  electrodes  illustrate  tnat  tno  serose  stimulus 
i e a i & o o  into  1 1 x e  o a t a  c o 1 1 e c 1 1  o n  circuitry.  j  n e r e  is  e  v  a.  u  o  n  c  e 
tnat  tuc  dog  prosaoiy  oecatc  accustomed  to  the  strose  siynaic 
ana  also  i  s s  t  t ns  Ai- 1 ..  u »  r  s  y  s ±i o w  e u  s  j  -j i i s  0i  o e g  r  su wi  t ..  s; i  w .  1 1 ...  e 
implanteu  on  tne  cortex.  A  evened  response  was  founu 

during  tse  latter  days  ox  testing,  out  Decease  of  c.io  ..us^ecteu 

U  C  L  C1  T  .1  O  J  ti  llj.  U  » 1  0  i.  t.  / i  i  x  Ci  i.  *.  v.'  v  f  c  1 i  a.  »  j  O  mi  i .  1 1  (  )  O  tx?  il  O  a.  d  cl ...  O  sJ  L  U.  d  i  1 

1  il  C  X  UCi  c  Cj  cl  I  c.’  i.  G  C  O  i  i  i.i  Cl  *")  d  e«  i  .«  Oils  v  •  .  i  ii  O  \ lx  i  i  O  1 1  U  ,v  l  i!  cl  i  t  l  .L  y  O  il  i  i  r*  1 V 
L  Cr  iCC  L  L  OUU  id  t  i  C  *  *_»  d  w  c Xw.:  tOtiOil  c.HU  CWj  v  l ..  V  o  j. L'llOUlu 


uc  conuuctou 


I .  Introduction 

The  mystery  of  how  the  brain  functions  has  oeen  the 
subject  of  speculation  for  centuries.  In  recent  decades 
however,  scientists  and  engineers  have  been  investigating 
specifically  how  the  cerebral  cortex,  present  only  in  the 
mammalian  brain,  processes  functions  sucn  as;  hearing, 
speech,  vision,  thougnt,  etc.  Research  in  the  above  areas 
seems  to  nave  intensified  in  tne  last  thirty  years,  since  trie 
advent  or  the  transistor  made  possible  the  development  of  more 
accurate  ana  staoie  instrumentation,  to  measure  and  record 
cerebral  cortex  electrical  activity. 

How, with  tne  recent  progress  in  very  large  scale  integra¬ 
tion  (VLSI)  ICs,  not  only  is  the  accurate  measurement  of 
cereorai  cortex  electrical  activity  possible,  but  also  the 
simulation  of  cerebral  neuron  activity  seems  to  be  a  very 
reaJ istic  goal.  Of  particular  interest  to  researchers  in  the 
field  of  pattern  recognition  is  the  operation  of  tne  human 
visual  system.  Unloosing  tne  secrets  of  the  human  visual 
system  may  lead  to  orouh tar ougns  in  the  area  of  visual  scene 
ana j  > sis  (23;  3).  Visua  l  scene  ana.;  y sis  cover  s  such  diverse 
s u q j e c  e s  as  target  uegu ^ o i  (. i on ,  ms c . .  n o  i  1 1 s pec L i o n  o r  man ui ti c  — 
turereu  parts,  reading  mac. u  nos,  and  c: ec s roonccphar ogrum 


(ELG)  analysis;  to  name  but  a  few. 

The  most  common  methods  of  measuring  human  visual  system 
activity  in  tne  cerebral  cortex  are  tne  electroencephalogram 
and  the  visual  evokeu  response  (VUrd.  These  measurement  tech¬ 
niques  were  inuiaiiy  developed  using  scalp  electrodes  on  the 
subject,  normally  numan,  and  analyzed  in  an  attempt  to  discover 
some  tiling  aooia  Drain  function  (1E:I-1).  Visual  evoked  re¬ 
sponse  refers  to  tne  average  or  summation  of  cortical  activity 
recorded  from  tne  scalp  electrodes  while  the  eye  is  exposed  to 
a  known  input  signal  of  repeated  strobe  flashes  or  geometric 
patterns.  Aithougn  tnese  signals  are  useful,  they  can 
influenced  by  suen  tilings  as  drugs,  diseases,  anesthesia 
level,  and  attention.  Tncy  also  represent  summation  of  mil¬ 
lions  of  local  signals  and  as  a  result,  attempts  to  model  the 
visual  recognition  function  using  JJLG  or  VDR  seem  to  be  analo¬ 
gous  to  analyzing  tne  internal  workings  of  an  inconsistent 
muenine  oy  listening  co  the  noise  it  makes  (1S:1). 

Since  external  measurements  die  not  seem  to  be  able  to 
provide  tne  fine  grain  data  nacocu  to  model  the  visual  system, 
new  procedures  oasco  on  elect roues  implanted  in  one  Drain  or 
on  its  surface  v;ero  developed.  Early  efforts  attempted  only 
g  l  oss  me  a. cut  clients  doc  a  use  to  really  model  comp_eteiy  tne 
total  activity  of  the  or  am,  cue  signals  of  mil  j  ions  of  neur¬ 
ons  wouia  nave  co  be  measured  and  analyzed,  simultaneously. 
Guc.h  \ i  e ii o 1 1 1. w u it. u j  c  jl i e  Cc l uuu ,  w .. k~ i i  ele...cuu  s p a e * i 1 g s  on 
the  Diner  of  approximately  1)0  ...scions  ( 2  3  :  h  0 )  have  not  seen 
f  oasioxc.  bo  mot  t  made  tne  i  argest.  mui  ti.iie  oiocttoue  known  to 


us  box  ore  trie  work  repeated  here 


He  was  able  to  a  cm  eve  a 


1.5  ini il  i me ter  (uetwcen-uioctroue)  spacing  using  400  (20  x  20) 
eiocu'oaes  (0,9,10).  The  original  work  by  Lo rente  ao  Ho1 
(2G:2)  illustrated  that  the  anatomy  of  the  cereoral  cortex  was 
remarkably  uniform.  Tnis  uniformity  suggests  that  the  proces¬ 
sing  performed  by  different  functional  areas  of  the  cerebral 
cortex  is  dependent  on  the  input  signals  (18:1-2).  If  this  is 
in  fact  the  case,  then  the  examination  of  the  basic  functional 
elements  in  a  single  area  of  tne  cortex  could  provide  answers 
which  may  be  universally  applicable  to  other  brain  functions. 

An  indication  tnat  these  basic  functional  elements  could 
be  columnar  arrangements  or  neurons  is  suggested  oy  several 
resear  oners  (18:1-2).  After  considering  tne  neuron  pattern  or 
"v/imsvy  diagram"  or  tnu  eye  ora_n  system  (28),  Kaorisuy,  anu 
Iiupoi  and  Wicsei,  among  others,  suggest  that  these  columns  may 
be  tne  ocst  lover  at  wnicn  to  oota_n  tne  vision  system  model 
(20,22) .  Tne  cor umnai  arr any ex.cn t  of  neurons  are  labeled 
b.i  .j  .  c  CDi.'.^Uui^uiOjiar  o  i  c  u  on  i.  ^  ( LC ..  •-)  and  u  i  o  tnougnt  to  have 
as  o  a : ;  c  o.u:  i  i .  u  t  c  iuian  c  l  a  i .  o  s  s  v  e  r  a  i  output  c  i  i  u .  i  n  o  A  s  a  t 
lease  ...n  tne  pi  imary  visual  center.  Tne  DOS's  see u  to  be 
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1 eve id  (i.e.,  the  clock  had  to  operate  between  0  and  +5  volts, 
where  +5  represented  logic  state  "1"  and  had  to  enaneje  state 
within  a  tew  nunured  nanoseconds.)  (18:11-6) 
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1'hQ.  Tfiibfi  dfififi 
convertc-u  tne  synen 


y.  detector.  The  external  clock  genera- 
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was  avaiiaoit  in  tne  AF1T  Signal  Processing  Laboratory.  Since 
trie  data  were  recorded  in  analog  form,  they  had  to  be  digi¬ 
tized  and  demultiplexed. 

Hayed'  thesis  was  divided  into  three  areas: 

1.  The  synenronization  (sync)  signal  conditioning 
phase. 

2.  Digitisation  and  pre-analysis  phase. 

3.  Data  analysis  phase. 

The  synenronization  signal  conditioning  pnase  was  the 
most  complex  area  of  Hayes'  thesis  effort.  lie  was  required  to 
design  and  ouiiu  five  circuits  to  accomplish  the  pulse  shaping 
and  timing  necessary  to  digitize  the  oata.  Tne  circuits  built 
,  were  an  external  cl  oci;  generator,  an  external  c^ock  control¬ 

ler,  a  data  entry  controller,  a  mode  controller,  and  a  time 
do.  ay  ue  tec  cor. 

Cll‘  &-U 

TnL  CifiGii  Cihiitaifil..  To  make  sure  the 

Ana; og - to-tm g i cui  Converter  of  tne  HciiLse  was  synchronised 
wit;;  tiie  data,  tne  external  clock  option  was  chosen  on  the 
computer.  Using  this,  tne  digitizing  and  douu. fcipiixmg  could 
be  clone  Simultaneously.  Lite  syncs  signr.i  on  tne  tape  van  usee 
as  t  n  a  c x  c d  r  ii a i  c i o c ^ o u r c o *  ■>-> e c o  n . > c  cm  x  a  n  a  t  a  t »  o  a ;  ■  o i  1 1 1 e 
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Data  Collection.  Two  types  of  data  were  collected;  phy¬ 
siological  data  and  cortical  oiociectr icai  data.  The  Hensley 
and  Denton  thesis  is  only  concerned  with  the  cortical  bioeiec- 
trical  data.  The  data  were  collected  over  a  period  of  seven¬ 
teen  days.  Data  were  collected  every  oay  for  tne  first  twelve 
days,  ana  then  every  other  uay.  For  the  first  several  days, 
data  were  collected  in  the  differential  node  only  (see  expla¬ 
nation  in  chapter  I).  For  the  remainder  of  tne  days,  collec¬ 
tions  were  done  in  both  differential  and  aosoiute  modes. 

Tne  StjLQilil.  In  order  to  extract  response  information 
from  the  visual  cortex  a  stimulus  must  be  usca.  In  this  case 
a  strobe  ramp  was  uses  to  provide  tne  stimulus  to  produce  VKR 
data.  Two  types  of  strobes  were  usca  during  tne  testing.  The 
first  strooe,  a  small  incaoescent  lamp  was  used  for  tne  first 
six  cays.  It  was  turned  on  for  an  average  of  ISO  milliseconds 
(ms),  during  the  puj.se  period  of  SOU  ms.  The  frequency  or 
tms  strobe  is  2  I!z.  Tne  second  strode  using  a  flash  tune  was 
only  on  for  5  ms.  Tne  "on-time"  was  snorcenea  to  reduce  any 
corrupting  or facts  the  square  wave  strode  may  have  imposed  on 
tne  decay  periou  of  the  ViJU.  The  second  strobe  had  a 
frequency  or  1  In;,  tne  period  being  1000  ms. 

vfyiiii.c..  Tne  data  wore  storcu  on  an  in.ipex  I'R  lluu,  10 
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Fir  ui:e 


The  principle  background  for  this  thesis  is  included  in 
the  work  of  Hensiey  and  Denton  and  that  of  Hayes.  Hensley  and 
Denton  designed  the  semiconductor  implant  ana  collected  the 
data  usea  here;  Hayes  conducted  tno  first  systematic  analysis 
of  the  data.  A  basic  understanding  of  these  two  thesis  ef¬ 
forts  is  needed  to  understand  the  problems  which  were  confron¬ 
ted  in  tins  thesis.  This  section  will  describe  the  relevant 
portions  of  the  two  previous  theses  and  briefly  explain  the 
theory  behind  some  of  the  actions  taken  here. 

Iig.n-bi-.sy.  and  benign 

Tjj£  Array.  The  AFIT  muitielectrooe  array  used  was  a 
four-by-four  array  of  JFK Vs  and  associated  individual 
electrodes  as  shown  in  figure  2-1.  In  the  electrical  diagram, 
each  source  is  snown  connected  to  a  square  "sensing  pad" 
(i.e.  electrode)  through  wales  contact  is  maae  with  the  visual 
cortex.  The  scries  connection  of  the  JI-'L'T  gates  and  drains 
make  up  txie  array  "rows"  and  "columns",  respectively.  A 
reference  eiectrosc  (id)!')  is  also  provided  (13:2c). 

Wuon  ituit.Lj.-j.excd  signals  (Figure  2-2)  are  appij.ed  to  the 
rows,  information  present  on  tno  sources  of  a  particular  row 
are  passed  througn  tno  JI-’HT  drains  to  tne  column  outputs. 
Thus,  sequent  ..ax  selection  of  tne  rots  prouucos  a  multiplexed 
output  at  cacii  column.  Figure  2-3  snows  tno  basic  format  of 
tne  column  output  (13:22). 


coincide  with  the  three  main  areas  addressed  in  the  problem 
statement . 


! 


i 


tv 


Chapter  2  wiii  present  a  summary  of  the  development 
of  the  hF IT  multieiect r ode  array,  and  the  theory  which  tnis 
thesis  wiii  use.  Tnis  is  to  include  a  summary  of  Hensley  and 
Denton's  thesis  and  also  Hayes'  tnesis. 

Cnapter  3  discusses  tne  hardware  necessary  to  condi¬ 
tion  tnc  timing  signals,  so  that  a  TTL  signal  will  do  presen¬ 
ted  to  the  A/D  conversion  device.  Additionally,  the  hardware 
development  necessary  to  synchronize  the  timing  signals  with 
the  data  signals  is  presented. 

Chapter  4  addresses,  initially,  the  familiarization 
with  tne  real-time  data  acquisition  processor,  tne  liASSCOMP  1 1 C— 
300.  Heat,  the  software  oesiyn  necessary  to  perform  tne  A/D 
conversion,  the  VHP.,  anu  tne  video  movie  will  be  discussed. 

Cnapter  5  presents  end  data  reduction  details.  Speci¬ 
fically,  how  tiie  data  were  transferred  from:  the  multichannel 
tape  recorder  and  now  the  VDR  oat a  were  obtained. 

Chapter  G  discusses  tne  results  and  analysis  drawn 
on  tne  data  collected,  as  to  its  validity  and  to  whether  or 
not  additional  information  was  obtained  to  nc ip  mouci  the  cye- 

ij  l  u  m  j  .j  t e  mi. 
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Data  collected  by  Hensley  and  Deacon  (19)  were  recorded 
on  14  or  tae  17  cays  during  which  the  array  was  implanted. 

The  numoer  or  tests  ranged  iron  two  to  four  depending  on 
whether  or  not  the  dog  was  or  was  not  anesthesized.  Each 
test  was  conducted  under  slightly  different  conditions,  and 
care  must  ue  taken  to  analyze  the  results  accordingly.  First, 
a  A/D  conversion  must  be  done  and  ail  tne  data  demultiplexed. 
Next,  tne  software  to  compute  both  the  VER  and  the  other 
signal  processing  algorithms  mentioned  above,  must  oe  developed. 
Tills  software  may  have  to  be  tailored  to  accommodate  the 
parameters  peculiar  to  the  various  individual  tests. 

Aw.  a  Ui!  a  *i 

Tne  data  were  originally  collected  at  a  clock  rate  of  250 
Hertz  (Hz)  because  most  information  puoiisneu  on  the  frequency 
or  train  signals  indicates  teat  25  Hz  is  the  maximum  frequency 
component  (19:33).  If  this  assumption  is  true,  the  Hyyuist 
Criteria  (sampling  of  a  signal  must  be  greater  tnan  twice  the 
maximum  frequency)  has  been  sacisi led.  It  nasj  t.icrcrore, 
been  dociued  to  retain  250  Hz  as  tne  data  sampling  rate  for 
the  A/D  conversion. 

Apiiroacii  and  Jdieac nidiiQn 

The  objective  of  unis  research  is  tae  commie  ti  on  of 
the  data  analysis  begun  by  eouu  Hens.:,  ay  aiu.  Denton  (15)  ana 
Hay  es  (13).  Too  d r e s o i * t ^ i Oi i  w * 1 1  e ^ s e i i e x a s  1  r  b  v  ui o*.  i  i.u  to 
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must  juk  jc  Lai,, .':i  to  ur.juie  tnat  the  uata  and  the  strobe 
signal  au  ir,  oyne.  In  tins  way,  a  valid  averaged  evoked 
response  can  do  computed. 

Tnc  seeona  pan  or  tne  problem  is  the  analysis  of  the 
data  lining  signal  processing  techniques.  The  first  analysis 
Method  to  jo  applied  is  the  averaged  evoked  response  which 
extracts  the  evoked  response  f row  tne  background  EBG  oata. 
Software  win  be  developed  to  perforin  the  averaging  of 
the  synchronized  data  files.  Once  this  is  accomplished 
additional  signal  processing  techniques  v/in  be  applied, 
time  permitting.  Some  of  the  most  common  methods  used  to 
distinguish  the  signal  from  tne  noise  are  Kaiuan  filtering 
(21),  Fourier  ana  Vials a  transforma  cions  (22,41),  Weiner  and 
time-varying  filtering  (11),  and  amplitude  hectographs  (4). 

Finally,  a  video  tape  uilx  be  made  of  tne  Changing  signal 
levers  at  eacii  of  the  16  array  electrodes.  This  analysis 
way  give  information  on  che  firing  of  the  BCE's  as  the 
subject  was  stimulated  with  tne  strooe  lignt.  Again,  this 
will  be  primarily  a  software  ofrort  co  transport  tne  data 
files  from  the  special  purpose  computer  to  the  Eclipse 
processor  in  the  signal  processing  laboratory,  ouiidiny  6‘40. 

A  secondary  objective  of  tn; n  thesis  is  to  develop  algor¬ 
ithms  and  procedures  wiiicii  can  do  used  by  the  nest  larger 
array  implantation  d,,perimunc. 


I-C 


Because  or  time  limitations  caused  by  circuit  construction  and 
processor  limitations,  however,  the  data  analysis  was  not 
completed  by  Iiayes. 


StfltQiaeiuw.  at  ELablita 

Currently,  work  is  underway  to  design  and  fabricate  a 
larger  array  with  256  electrodes.  However,  before  the 
second  implant  operation  commences,  the  data  from  the  first 
implant  should  be  analysed  in  order  that  a  decision,  as  to  tnc 
validity  of  the  data,  can  be  made.  Therefore,  the  main 
effort  of  this  thesis  will  be  to  complete  the  aata  analysis 


process . 

There  are  three  main  areas  which  will  be  investigated  in 
an  effort  to  solve  this  problem.  First,  an  analog-to- 
digitai  (A/D)  conversion  must  be  performed  on  the  data. 
This  step  discretizes  the  oat a  signals  which  allows  the 
application  of  signal  processing  algorithms.  A  special  pur¬ 
pose  real-time  data  acquisition  processor  has  been  recently 
acquiree  by  the  AFIT  Signal  Processing  Laboratory  which  can 
perform  an  A/D  conversion  on  up  to  16  channels  of  data,  simul¬ 
taneous)  y.  In  tnis  way,  the  synchronization  of  tne  data  with 
tne  timing  signals  can  be  accomplished  without  extensive  and 
col., pies  u'ceu.iii  timing  circuitry.  Thus,  software  must  be 
written  to  pcirorm  the  A/D  conversion  and  demultiplex  tne 
coiuiiii  aru.  row  oat  a  of  each  array  eic-ctrode  into  separate 
1 1  a e .  .  however,  oecause  this  computer  is  so  new  a  defi- 
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nitrogen  environment)  (19:5).  Finally,  with  the  assistance  of 
personnel  f row  tue  Aerospace  liedicai  Research  Laboratories, 
Wright-Patterson  AFB,  OU;  tne  multielectrode  array  was  implanted 
in  the  visual  cortex  area  of  a  laboratory  beagle.  Data  were 
collected  in  two  modes  (19): 

1.  The  absolute  mode,  where  tne  signals  from  eacn  of  the 
1G  electrodes  in  tne  array  we re  measured  with  respect 
to  a  common  electrode  in  tne  array. 

2.  Tne  differential  mode,  where  each  electrode  signal 

was  measured  with  respect  to  the  signal  of  tne  elec¬ 
trode  in  the  neighooring  column. 

Hensley  ana  Denton  were  unable  to  perform  a  detailed 
analysis  of  the  data  because  of  time  limitations.  Therefore, 
additional  tnesis  work  was  performed  oy  Rooney  E.  Hayes  (10) 
to  analyze  anu  determine  the  validity  of  the  data  collected 
from  the  implanted  array.  In  his  research  effort  Hayes  needed 
to  solve  the  following  three  problems: 

1.  Circuitry  was  required  to  condition  the  data  timing 

signals  because  the  processor  used  to  perform  the 
analog- to-dig 1 tal  conversion  on  the  data  signals 
operates  witn  transistor-translator  logic  (TTL).  This 
means  that  tne  clock  must  operate  between  0  and  +5  volts. 

2.  A  control  circuit  was  ncehcct  to  ensure  tne  synchronization 
of  the  strode  oaca  signal  and  the  daus  from  tne  array’ 
elcctroues  to  compute  the  average  evoked  response  (AUK). 

3.  Finally,  once  tne  data  were  digitized,  software  has  to 
be  developed  to  permit  analysis  of  tne  date. 


succeeded  in  fabricating  a  device  which  operated  in  air,  the 
device  failed  when  immersed  in  a  saline  solution  similiar  to 
that  found  on  tue  surface  of  tne  cortei;.  Thus,  further  re¬ 
search  into  a  method  of  encapsulating  the  switching  circuitry 
was  required  to  protect  trie  chip  against  sodium  ion  contamina¬ 
tion. 

The  nest  thesis  concerning  the  multielectroue  array  was 
written  by  George  German  (16),  and  specifically  addressed  the 
area  wnicn  caused  tne  device  fabricated  by  Fitzgerald  to  fail, 
that  or  circuit  passivation.  German  evaluated  sixteen  differ¬ 
ent  combinations  of  materials  and  application  processes;  how¬ 
ever,  only  two  materials  were  found  which  would  resist  the 
degrading  effects  of  CSF,  pnosphosiiicace  glass  (PSG)  and 
l  poiymiue  (18:36).  German  designed  and  tested  tne  drive  cir¬ 

cuitry  which  provided  the  multiplexed  drive  signals  to  the 
array  while  it  was  immersed  in  a  simulated  CSF  solution. 
Additionally,  no  noted  that  tne  0 unction  Field  Direct  Transis¬ 
tors  (8FDT)  circuitry  oxhioited  non-unirorm  switching  charac¬ 
teristics  . 

The  impiant  of  tne  semiconductor  mui ti erect rode  array 
into  the  visual  cor  ten  of  a  dog  was  engineered  oy  Kussell  W. 
hensiey  and  David  C.  Denton  (If).  Tney  encausuiat cd  the  array 
w i tii  poiymiue,  because  or  che  ava  j  .taui lx tv  or  tne  cecnnor ogy 
on  Ur  igiit-Patf  orcon  aFF»,  so  ensure  tne  survived!.':  ity  of  tne 
array  m  the  CSF  environment.  TYo  external  olivo  circuitry 
was  i  m'Oe.j  ig  uco  to  permit  s  imuj  rm.ovi  wienout..  coimectiinj 

t  a  o  a  r  ray  o  e  c  a  u ...» e  it  r  e  ^  u  r  r  e  a  .jpeeiai  t  >  r*  i  j  j.  n  ^  ( >  j  t  o  l  u^j  r  in  a 
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merit  of  BCE  interaction,  several  researcners  have  attempted  to 
use  microscopic  electrodes  iu  pi  anted  on  tue  surface  oi  trie 
corte;:  at  distances  v; lu.cn  approximate  the  separation  of  the 
BCEs.  Some  of  the  most  significant  research  in  the  area  of 
iiapianteu  multiple  eiectrooes  has  taken  place  at  tne  Air  Force 
Institute  of  Technology  (AFIT).  There  have  been  five  previous 
Master's  Tneses  winch  ueait  with  the  subject  of  multiple 
electrode  placement  on  the  surface  of  tne  cerebral  corte;:. 

Tne  initial  proposal  of  an  AFIT  multielectrodo  array  was 
made  by  Joseph  Tat m an  (42).  Ee  theorized  cnat  it  would  be 
possible  to  construct  an  electrode  array  of  100  rows  by  100 
columns  witn  electrodes  on  50  micron  centers  and  nave  a  system 
data  rate  of  one  million  words  per  second.  However,  to  test 
the  theory  of  a  multiplexed  electrode  array  ana  to  simplify 
construction,  a  four  by  four  electrode  array  was  fabricated. 
Tatman's  attempt  to  fabricate  an  operational  1C  was  unsuccess¬ 
ful,  but  his  efforts  aid  snow  that  fur tne r  work  in  this  area 

W  cl  W  cl  2T  £'  t.4  i j  C  G  (J  f  j.  i  C  XI C  IT  O  O  1  G  m  ll  O  O  i*l  C  O  U  il  C  C  iT  Ci  Ci  O  U  XT  J  li  Cj  U  £i  G 

fabrication  pxiase  could  ue  overcome. 

Tne  efforts  begun  by  Tat man  were  carried  on  by  Gary 
Fitsgeraid  (14).  Gome  of  tne  problems  encountered  by  Tat man 
were  r  liveor  s !.■  r c r r  icui  j.y ,  txu  lac..  of  onmic  contact  .1  tn  tne 
k>  e  L  a  1 1  s  0  o  1  vx  a  o  s  and  tne  leakage  patns  in  cne  passivation 
layer.  Tne  passivation  layer  is  a  layer  or  material  v/nicii 
protects  tnt  mb' Lc.i.jij  circuit ry  1  r ox.»  tue  cerebrospinal  fluid 
( C.  b  I )  ,  w  n  j  c  xi  ±  ^  1  r  i.i  ti  1  j.  x  y  a  ..a. line  x>  o  x  u  1  —  on,  sue  a  j.  i  o  t  s  the 

ciocuouo  surr  sees  to  contact  tne  cor  tex.  n.ituouji.  i’x  u  jei  aid 


The  Ilode  Controller.  The  node  controller  was  used  to 
set/ reset  flays  within  other  circuits.  These  frays  enacted  or 
disabled  the  external  clock  generator,  set  the  external  crock 


controller  to  respond  to  the  first  or  last  occurrence  of  the 
stimulus  control  signal  (the  strooe),  and  set  the  external 
clock  controller  to  either  start  or  stop  the  external  clock 
depending  on  whether  normal  cortical  activity  (strooe  not 
present)  or  VER  (strooe  present)  data  were  being  sampled. 


ansi 


digitization  and  pro-analysis  phase 


Next,  Hayes  performed  the 
by  designing  routines  to: 


1.  Control  the  analog  to  digital  to  analog  (A/D/ A)  device 


from  the  Eclipse  S/250  minicomputer. 

2.  Scale  tne  digitized  data  to  between  ±  5  voits  before 


analysis . 


3.  Remove  pays lea  -L  C  ii  iX  ractor j.stics  m  tne  data  which  were  a 
function  of  the  oata  collection  process  as  follows: 

a.  The  gam  rector  inserted  during  oata  correction. 


b .  L 1 o  c  t  r  o u  e  oiases. 

c.  Artifacts  caused  by  aging  of  tne  array  or 

changing  of  the  pine  a* O  i.  L  voltages  m  the  array 
orive  ciruitry. 


Data  bUTiyiiis.  Analyses  oj.  the  data,  tne  final  phase  of 


t  a  o  1 1  a  i  o  z  Tn  e  s  i  s , 


pi. 


a  software  ucsiyn  and  iaa  pie  men¬ 


tation  prcuicm.  Hayes  either  modirieu  or  developed  routines 
to  accomplish  tne  ron  owing  (1  u;J il-il-ld) : 


1.  Prouuce  a  viueo  display  to  illustrate  the  spa¬ 
tio-temporal  correlation  of  adjacent  ECE's. 
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2.  Calculate  the  average  evoked  response  (ALP.)  at 

the  13CL  level. 

3.  Determine  a  iow  frequency  cut-off  to  allow  imple¬ 
mentation  of  a  software  low-pass  filter  which  would 
be  used  to  improve  the  results  of  the  previous 
tv/o  routines. 

The  spatio-temporal  correlation  required  two  routines. 
The  first  involved  the  construction  of  a  topological  arrange¬ 
ment  of  the  data,  16  samples  (one  per  electrode)  at  a  time, 
with  the  amplitude  of  oacn  electrode  represented  by  a  varia¬ 
tion  in  grey  level,  bent,  a  routine  was  designed  to  receive 
output  from  tne  first  routine  and  tnen  to  display  the  16  grey 
revels,  one  4  4  sample  at  a  time,  on  a  monitor  at  a  variable 

rate.  Finaixy,  the  4  >:  4  display  of  grey  levels  was  observed 
to  see  if  a  spa tio- tempo rax  correlation  existed  within  the 
data  received  from  the  surface  of  the  cortex. 

An  average  evened  response  (ALL)  analysis  was  performed 
to  show  tne  relationship  of  tne  visual  stimulus  (strobe)  to 
LCf  activity  on  tne  cortex  surface.  Tne  routine  extracts  tne 
VLU  from  the  digitized  LUG  uav.a  by  using  the  digitized  strobe 
file  as  a  marker  which  delineated  the  oog inning  and  end  of 
each  stimulation.  Then  oy  reading  tne  markers,  the  digitized 
Line  data  was  separated  into  oiocks  vni.cn  wet  e  summed  and 
averaged.  Tne  result  was  a  plot  showing  tne  VLR  increasing 
iineany  (if  consistent)  wane  tne  random  noise  tenaau  to  sum 


lima  re 


Oi.ii. G. )  uroco: 


hoot  iitan 


Tne  final  analysis  routine  invoivc-u  filtering  or  smoothing 
the  data  to  1 1.1  prove  the  results  of  the  topograpnic  and  VLP. 
analyses.  First,  a  finite  impulse  response  (Fik)  filtering 
algorithm  computed  tiie  convolution  sum  of  the  filter  coeffi¬ 
cients  ana  tne  adjusted  data  magnitudes  (i.e.  data  rescaled, 
attenuated  and  mean  suotracteu  to  remove  electrode  bias). 
Then  a  moving  average  was  computed  by  using  either  a  Bartlett 
(triangular),  Hanning,  hamming,  or  Blackman  window. 

Hayes  was  oniy  ao_e  to  perform  a  preliminary  analysis  on 
one  day's  worm  or  data  due  to  tne  delays  encountered  during 
the  hardware  development  phase.  As  a  result,  some  of  his 
conclusions  wail  oe  further  investigated  in  this  thesis  ef¬ 
fort.  Specifically,  v nether  or  not  tne  shape  of  the  BVR  is 
dependent  on  tne  sine  of  the  data  file  averaged.  That  is,  is 
the  VBU  consistent  during  the  stimulus  period.  Also,  dupli¬ 
cation  of  the  Vhh  obtained  by  Hensley  and  Denton  (19)  from 
data  collected  from  electrodes  attached  on  the  dog's  ear  and 
tne  reference  electrode  within  the  A  FIT  Array  will  be  attempted. 
Finally,  answers  v/iil  oe  sought  as  to  now  deg  rehat  ion  of  tne 
electrodes  influenced  the  reliability  of  tiie  data. 

d-  lot  Data-  The  first  part  of  tne  tries  is 
encompasses  tne  u.  gi  tisati  on  of  trie  m  ain  data  obtained  by 
Hensley  anu  Denton.  Digitising  can  be  accomplished  by 
c  n  s  u  r  j.  r  i  -j  t.  r  i  a  l  tire  *  •  u  jl  s  u  CircCb^-j  m  e  t  (c'C  c  Cnapte  r  1 ) . 

Tir i  s  Tr j e o  r  u  i-i  ..  i  . .  ^  t *  ctii  c  ^  .i  uo  lio  uh n  j. o t  uo  r  u n c  1 1 o n  s  ( t ) 
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which  aaa  a  limited  Fourier  spectrum,  that  is  a  spectrum  ;:(jw) 
sucn  that  2  ( j  w )  -  0  tor  w  >  W  in,  is  uniquely  described  from  a 
knowledge  of  its  vaiues  at  uniformly  spaced  time  instants,  T 
units  apart,  where  T=2x/I7s  and  Us  >-  2Wra"  (7:2).  In  other 
words,  if  a  function  >:('-)  has  little  or  no  energy  content  for 
frequencies  above  some  value  fra  (where  Urn  =  2  x  fra),  then 
samples  of  x(t)  taken  at  a  rate  fs  >=  2fm  will  preserve  the 
nature  of  ;<  ( t )  and  analysis  of  tncse  saraples  v/ill  give 
information  about  the  analog  process. 

Extracting  Vjlh.  The  analysis  technique  used  to 
extract  the  VL'R  from  the  normal  cortical  activity  is  summation 
/averaging.  The  data  are  divided  into  a  number  of  sections, 
each  section  beginning  wnon  one  strobe  flashed  and  ending  just 
Km'  before  the  next  strooe  fiasn.  The  sections  can  oe  summed, 

then  averaged  (if  needed)  to  emphasize  the  evoked  response. 
This  assumes  that  there  is  a  consistent  brain  response  to  the 
stimulus  tnat  is  synchronizes  with  the  strooe  while  the  normal 
cortical  activity  and  the  noise  are  random  and  correlated  with 
the  stimulus.  Taererore,  if  waveform  f(t)  consists  of  two 
components:  tne  evoked  response  s(t),  and  noise  (any tiling 
else)  u  (t);  then 

l(t)  =  s(t)  n  ( t ) 

Tne  evoked  response  should  occur. e  increasingly  clear  with 
summation  since  it  should  repeat;  the  tv?  fore,  constructively 
aua.  Tne  n c  x s o  a 1 1 e  tne*  n o r  m a i  c o r  t  -  c a i  activity  s n o u  j. a  not 
constructively  a;.u  (12:201,  3s;t7-i0,  12.1'i-kl). 

i.dst Te t P ■oi'-.i*.  Cdi. i’ v-~iaticn.  ..not  iier  auaj-ys.*. s  tecuiixquo 
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attempts  to  find  any  s^atio-tenporal  correlation  in  the  data. 
This  can  oe  accomplished  by  constructing  topologic  arrange¬ 
ments  of  the  data,  16  samples  at  a  time  (one  from  each  elec¬ 
trode)  f  displaying  these  in  succession  on  a  video  monitor,  and 
examining  the  output  to  see  if  any  correlation  can  be  detected 
by  visual  observation. 
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III. 


Design  ailii  Implementation 


The  manner  in  wmcn  the  data  were  coiiectcu  dictated  the 
actions  required  to  pre-condition  tne  data  and  timing  signals 
tor  analog- to-uigitai  (A/D)  conversion  and  subsequent  analy¬ 
sis.  Specifically,  data  were  collected  over  a  period  of  17 
days  (li:61),  but  only  eight  of  tnose  days  provided  data  wiiicn 
could  be  an  ’j.yseo.  The  reasons  some  of  tne  data  eouiu  not  be 
anaiyseo  arc  as  follows: 

1.  There  was  no  voice  track  recorded  on  days  1,  2,  and  12. 

2.  Tne  row  one  t urn-on  signal  (ROTOS)  was  not  recorded 

on  day  10  and  was  d is  Lor tod  on  uay  16. 

3.  A  strooe  signal  was  not  rccorued  on  day  14. 

4.  Data  were  recoroeu  every  other  uay  after  oay  12,  so 
tiie  -  e  uic  no  ui  lor  ^  c*  la,  la,  a  n  c  17. 

Data  from  cue  mui t ioiectroue  array  were  originally  recorded 
on  a  16  cnannex  F 1.  recorder  oy  hens^oy  and  Denton  (IS),  how¬ 
ever,  some  of  tne  recorder  cn annex  a  were  rouno  to  introduce 
distortion  m  tne  input  signals  (10:11-1).  Only  four  cnanneis 
were  rounu  to  introduce  no  additional  distortion  and  these 
were  usee  to  record  the  output  data.  A  clock  diagram  of  tne 
array  ana  cue  output  circuitry  is  snown  in  Figure  3-1.  Tnree 
otno l  cnanneis  wnicn  did  dcgraoc  tne  input  signals  wore  used 
to  record  the  row  one  turn-on  signal  (RoTOS) ,  the  stimulus 


control  (st roue)  signal,  and  a  1  whs  ciock  signal  (starting 
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with  day  4).  As  a  resin. t  or  tue  distortion,  these  digital 
signals  would  require  conditioning  to  make  a  sampling  pulse 
which  wouid  be  compatible  wicii  tne  processor.  Additionally, 
each  signal  from  tnc  array  must  do  demultiplexed  prior  to 
digitising  the  data.  The  ROTOS  previous  tne  means  to  control 
tne  timing  of  the  demultiplexing  of  the  data. 


Adaptation  ox  ilai 


Circuitry 


Prior  to  digitising  the  data,  circuitry  to  snape  and 
convert  tne  sampling  puis os  to  TTL  levels  was  required.  Tins 
area  was  undressed  by  kayos  (lei);  therefore,  it  was  oecided 
tnat  a  portion  of  the  circuitry  he  developed  could  oe  used  to 
accomplish  the  lccondi tioning  or  the  sampling  purse.  The 
circuit  diagram  of  the  External  Crock  Generator  which  is  the 
sync  or  ROTOS  reshaping  circuit  is  illustrated  in  Figure  3-2. 

basically,  tne  Lx fernai  Clock  Generator  first  provides 
for  ROTOS  amplification  using  a  motorola  174b  Operational 
Amplifier  (Op-Amp),  hex t,  the  signal  was  inserted  into  a  7414 
Schmitt  Trigger  inverter  ror  reshaping  and  conversion  to  a 
transistor -to- c i ansis eo r  level  (TTL)  square  wave  oy: 

1.  increasing  tne  rise  and  fail  times  of  the 
leading  ana  e railing  edges,  respectively. 

2.  Changing  tne  logic  "1"  state  to  -if  voics  and  til 
logic  “0"  state  to  0  volts. 

Tueri  tne  squaic.-  wave  was  input  to  a  74123  Dual  I-iuitivioracor, 
wnich  in  conduction  v.  i  t  h  a  72333  Timer  1C,  aiioweo  for  both 
puxse  pos j  1 1 vm 1 1 i i g  and  a  var  puiso  ,/ iuln  ciocit.  3n  xoiiow 


imj  discussions  this  variable  pulse  widtn  clock  will  be 
referred  to  as  the  VP  clock. 

The  time  delay  introduced  by  the  timer  IC  permits  posi¬ 
tioning  of  the  VP  cIock  within  the  sampling  window  of  each  row 
of  electrodes  on  the  AF1T  array.  Tne  variable  pulse  v/iuth 
feature  was  added  to  the  External  Clock  Generator  circuit  to 
make  the  VP  cioci  compatible  with  tne  HASGCOilP  500  internal 
clocks  (converter  pulses).  It  was  necessary  to  vary  the  pulse 
width  of  the  VP  clock  to  permit  the  IIASSCOilP  to  generate 
converter  pulses  equal  to  the  number  of  channels  being  sampled. 
This  modification  required  that  a  0  -  100  kiioonrn  variable 
resistor  be  connected  across  terminal  pins  Rent  and  Vcc  on  the 
multivibrator  IC.  Figure  3-3  shows  how  tne  VP  clock  is  posi- 
'•  tioneo  and  now  tne  converter  pulses  appear  relative  to  the  VP 

clock  and  the  data  from  each  row  of  electrodes. 

in  addition  to  the-  ROT  OS  signal,  the  External  Clock 
Generator  circuitry  was  used  to  condition  tne  stimulus  control 
(Strobe.)  signal.  This  signal  provided  a  control  to  start  and 
stop  tne  VP  clock,  giving  a  positive  demarcation  point  between 
normal  and  evokeu  response  test  data.  Conditioning  of  tne 
strobe  is  similar  to  that  used  for  the  VP  cicck  and  proceeds 
as  follows: 

1.  The  strobe  signal  iron  tne  tape  recorder  was 

amplified  using  a  hoforoia  1743  Op-Amp. 

2.  Tills  signal  was  then  feu  to  a  7414  Schmitt 
Trigger  which  proviueu  pu iso  snarmg,  snarpening 
of  l  ise  a no  on  i  times,  uim  lovci  conversion  to 
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Convertor 

onverter  Pulses/Dita  From  Column  Outputs  Pulses  VP  Clock 
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1 1 o n a i  elements  (BCE's).  A  circuit  was  designed  and  ouilt 
which  used  tue  leading  edge  of  the  strobe  signal  to  start  and 
stop  tne  VI’  clock  (see  Figure  3-5).  Basically,  during  tne 
sampling  of  cortical  data  cue  appearance  of  tne  first  strode 
purse  indicates  the  end  of  the  normal  brain  activity.  Tne 
strobe  is  then  used  as  a  control  to  turn  off  the  VP  clock 
signal  completing  tne  collection  of  tne  normal  brain  data  for 
one  test.  Sampling  of  cue  normal  EEC  data  occurs  as  follows: 

1.  When  tne  strobe,  which  is  connected  to  the  clock 
input  of  a  7474  Dual  "D"  Flip  Flop,  is  off, 
a  nigh  (Logic  "1")  appears  on  the  "not  Q"  output 
of  the  flip  fiop. 

2.  Tne  nigh  signal  is  sent  to  tne  control  input  of 
tne  tri-state  gate  causing  the  VP  clock  to  pass 
to  tne  liABSCOF.P  Processor. 

3.  Sampling  is  completed  when  the  strode  starts 
rorciruj  tne  "not  Q"  output  low  (logic  "0"), 
causing  the  tri-state  gate  to  cutoff ,  blocking 
the  VP  C  J  O  C  (v  • 

Then  to  sample  visua j  evoked  response  data  cue  strooe 
start  turns  tne  sampling  crock  on.  VEi<  sampling  occurs  as 
i u; lows : 

1.  Prior  to  st i  ode  scc.ru  tut  "D"  iiip  flop  "Q" 


output  is  low  and  cue  tri-state  gate  is  cutoff  * 


2.  i.iicn  cue  strode  m.  g ins  t.ie  "u"  output  is,  forced 


i  i  *  1  .*  • 

Vi i jl  l*  i i  j.  <.j  n  i  l-  l  uCt' v (j u  oy  L  /  i(j  c  j.  x " c C;  u c  Ci  L c* 
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the  clock  wicitn  had  to  be  adjusted  to  snow  five  triggers 
(conversion  pulses)  on  tne  second  oscilloscope. 

Once  the  data  were  collected,  the  array. out  prograia  wae 
again  used  to  separate  the  coluun  data  from  the  row  data 
files  and  the  strobe  data.  While  the  strobe  data  were  being 
separated,  the  array. out  program  was  made  to  print  sample 
values  onto  the  screen  in  order  to  tell  what  values  were 
associated  with  an  'on'  and  an  'off'  strobe.  Once  these  vaiues 
were  determined,  then  tne  strobesum.c  program  was  modified  to 
recognise  a  strobe  puise. 

Care  nau  to  be  taken  to  ensure  that  the  summing  program 
summed  the  fixes  correctly.  To  check  tnis,  the  strobe  file 
was  used  not  oniy  as  the  trigger  file  but  also  as  the  data 
fire.  Figure  5-2  shows  the  output  waveform  from  this  procdure. 
Tne  waveform  is  a  square  puise,  just  as  expected. 

Summation  started  on  the*  separated  files.  Strictly 
through  chance  it  was  discovered  that  data  coilecceu  at  two 
different  times  aid  not  produce  tne  same  summation  waveform. 
Tnis  led  to  tne  maxing  of  more  strip  cnart  recording  of  sam¬ 
pled  oata.  The  strip  chart  recording  proves  tout  the  repeated 
samplings  were  not  digitizing  tne  data  in  tne  same  manner, 
when  in  theory  they  snouiu  have  oeen.  Tn  i a  lack  of 
repeatability  was  at  first  tnougnfc  to  be  caused  by  the  tape 
recorder,  but,  chrougn  a  test  in  union  tne  time  delay  puise 
war  repositioneu  on  tne  data,  a  pretty  close  duplication  or 
output  was  obtained.  Tnis  break tnrough  meant  tnat  ail  tne 
data  naa  to  be  recollected  again  with  the  duplication  criteria 
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Table  2 


Showing  the  Collections  and  Files  Made  for  Day  3  and  Day  7 


DAY 

NORMAL  TEST 

collection  files  made 

d  a  y  3  d  f  n  m  1  r  1  d  a  y  3  d  £  n  i  a  1  r  1  c  1  • -  c  4 
day3dfni.il  r  2  day3af  niai  r2cl-c4 
day3uf  nmir3  day3urnr.ur3cl-c4 
d  ay  3  u  f  n  ml  r  4  u  ay  3  d  £  nmi  r  4  c  1  -  c  4 


3  (differential  testing  only) 
VER  TEST 

collection  files  made 

day3df evrrl  day3df evr rlcl-c4 
day 3af  ev  r r 2  day3df  evr  r2cl-c4 
uay3df evr r3  day3df evr r3cl-c4 
ci  a  y  3  d  r  e  v  r  r  4  o  a  y  3  u  f  e  v  r  r  4  c  1  -  c  4 


DAY  7 

(differential  and  absolute  testing) 

DIFFERENTIAL  TESTING 

NORMAL  TEST  VER  TEST 

collection  files  made  collection  files  made 


day7arni.il  r  1  day  7d£  n  m  1  r  1  c  1-c  4 
day7urn.;;l  r  2  uay7c;f  nmi  r2cl-c4 
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in  Chapter  IV  ana  Appendix  D.  The  array. c  program  was  then 
used  to  demultiplex  all  the  row  data  files.  Table  2  snows 
that  it  is  possible  to  collect  64  files  for  just  uay  7  alone, 
thus  illustrating  the  magnitude  of  the  aata  reduction  effort. 

The  next  step  was  to  run  the  demultiplexed  files  out 
through  a  D/A  board  to  a  strip  chart  recorder  to  show  the 
analog  representation  of  the  BUG  signals  at  each  electrode. 
Da. command  (given  in  Appendix  D)  accomplished  tmc  task.  Some 
of  the  results  are  given  in  Appendix  B. 

Work  then  commenced  on  writing  a  summing  program  which 
would  at t tempt  to  bring  out  any  evoked  response.  A  summing 
program  was  written  welch  summed  a  specified  length  or  data 
(i.e.  summed  each  250  long tn  b_oc;;  with  one  another).  This 
assumed  the  strobe  iiasned  at  exactly  1  hz,  and  that  the 
sampling  war  done  at  exactly  250  hs.  Upon  recnecKing  the 
strobes  for  ui ire  rent  days,  it  became  evident  that  the 
assumed  strobe  frequency  'was  not  accurate.  Tuus,  it  became 
obvious  that  the  strobe  signal  would  nave  to  do  collected 
along  with  the  four  data  cnanneis,  ana  ti.at  tne  summation 
program  would  nave  to  be  designee  to  recojnize  the  beginning 
of  a  st rone  pulse  in  order  to  sum  tne  proper  record  length. 

iliik  •  '  li  .ir.l  LiytaklC 

Tne  ion:  oats  channels  nab  to  oe  recollected  si».>ui  taneousiy 
v/i  tu  tne  s  t 1  o  n  e .  Tn  in  iiivo.vuu  a  u  i  j.  v  * ..  n  g  u  i i  e  i  ii  c  a  j.  i_  a  c  e  o  o  X 
(uOO  (  u  up  t.  c  l  J  J  j  )  t  o  t  r  as;  s.. i  it  tiie  u  u  1 1  1 1  c  n  c  i*  /  l)  boar  a. 

Test. m ui t -.com rnanu  ii;.  to  do  aiteicu  to  iiiuicc.ec  a  Cuannois  ana 


by  the  A/D  or  D/A  converter,  denoted  by  tne  letter 
"C"  . 

3.  Source  input,  denoted  oy  the  letter  "s",  pro¬ 
vides  the  capability  co  count  an  external  clock 
signal . 

4.  A  cIock  ground,  denoted  oy  the  letter  "G". 

The  VP  clock  is  connected  to  "c"  ana  ground  on  the  second 
crock.  The  output  is  taxon  from  terminal  "1"  and  inserted 
into  the  crock  input  on  the  AD12F  Iioduie  (A/D  Converter)  . 

Verification  that  the  number  of  converter  purses  is  equal 
to  the  number  of  channels  oeing  sampled  is  performed  with  a 
dual  channel  oscilloscope.  One  channel  is  connected  to 
terminal  "c"  on  clock  two,  while  the  other  channel  is  used  to 
monitor  the  number  of  converter  pulses  present  within  the  VP 
clock  pulse  wiatn  oi  tne  VP  clock. 

£.1  i. st.  ilbiii  Correction 

The  data  were  collected  using  tne  HASS  COUP  Quick  Choice 
option  to  digitize  the  desired  row  signal  from  ail  four  data 
channels  and  co  store  it  onto  anotner  file.  For  each  a  ay  of 
testing,  there  was  a  normal  and  a  VDIi  tost  which  nau  to  be 
collected.  Aiso,  during  tne  latter  days  an  absolute  test  was 
also  conducted.  Tnis  maae  a  total  of  four  rests  per  day,  or 
sixteen  data  corrections  per  day  (see  tabic  2).  While  data 
collection  toon  place,  efforts  were  made  to  develop  a  program 
which  would  separate  out  the  four  column  signals  from  each  row 
of  data.  This  became  the  array. c  program  w.iicii  is  described 


accessed  on  the  r  ront  panel,  while  two  software  controlled 
crocus  are  internal.  In  order  to  sample  "n”  channels  Ciie  VP 
clock  must  be  set  to  allow  "n"  converter  pulses  to  appear 
within  its  purse  width,  as  shown  in  Figure  3-3. 

The  cable  connection  configuration  of  the  VP  clock  and 
the  KASSCOHP  converter  pulse  clock  are  shown  in  Figure  5-1. 


Figure  5-1.  Cab re  Connection  Configuration  of  the  VP  Clock 
and  tne  IihbbCOhP  Converter  Pulse  Crock 

Caen  clock  on  the  ilhSSCOiiP  crock  board  consists  of  four 
terminals : 

1.  h  normal  output,  conotea  by  a  number  from  0  to  7. 

2.  Control  input  accepts  an  external  clock  which 

determines  the  number  of  converter  pulses  required 
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The  first  steps  in  analysis  of  the  data  focused  on  four 
main  areas: 

1.  Reviewing  the  tapes  and  making  a  log  of  what  was  done 

based  on  the  voice  track  (see  Appendix  A). 

2.  Studying  Hensley  anti  Denton's  thesis  in  order  to 

understand  how  the  data  were  collected. 

3.  Studying  Hayes'  tnesis  and  iiis  circuit  to  understand 

his  analysis  effort. 

4.  Learning  asout  the  MASSCOhP  IiC-500  computer. 

Tne  HC-500  computer  is  more  flexible  when  it  comes  to 
da t-.  acquisition  tuun  the  Eclipse,  because  of  this,  it  was 
decided  that  very  j.  it  tie  of  Hayes'  circuitry  would  be  needed. 
The  circuit  tnat  is  described  in  Chapter  III  was  designee  for 
tne  sampi ing/digi fixation  pease,  and  it  allowed  for  distinguish 
ing  betv.’een  normal  data  and  strooeu  (VER)  data. 

LAssco.'.jP  SM  htuitishaapal  Saiaaximi 

Before  the  A/D  conversion  of  tne  data  could  Degin  it  was 
necessary  to  set  up  the  processor  in  tne  multichannel  sampling 
configuration.  Tars  configuration  required  two  clocks.  The 
first  was  tne  VP  crock  generated  rrom  the  KOTOS  as  discussed 
in  Chapter  Ill.  Crock  two  came  rrom  tne  IiAHSCOHP  CklO  module 
and  provided  tne  converter  pulses  to  sample  tne  data  cnanneis. 
Tne  CKl 0  iioaure  provides  10  program mao re  clocks,  eight  are 


varisum.c  uas  generated  (See  Appenuix  D) .  Tne  rtaulta  Iron 
this  test  are  given  in  Chapter  Vi. 


Digital-to-Anaion  CoiivcxrLiaii 

To  snow  that  EDO  signals  are  collected  oy  each  electrode, 
the  demultiplexed  digitised  signals  have  to  be  sent  tnrougn 
the  Digitai-to-Anaiog  (D//0  converter  to  a  strip  chart  recorder. 
The  command  that  docs  the  conversion,  da. command,  is  given  in 
Appendix  D,  and  samples  of  tne  strip  chart  recordings  are 
shown  in  Appendix  B. 
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channexs  the  tile  contains 


in  this  case,  five  channels  we re 


usually  sai.ij.-led  (four  data  channels  and  one  strooe  channel). 
The  uei.iul t iplexed  channels  can  be  plotted  on  the  graphics 
terminal  screen  and  the  data  stored  in  trie  file  specified. 

Once  a  data  and  a  strobe  file  are  collected  the  appro¬ 
priate  sura.ixiicj  program  can  be  used.  If  an  unfamiliar  strooe 
is  Dexng  useu,  the  array. c  program  should  be  modified  to  snow 
tne  strooe  values.  This  can  easily  be  done  by  taking  off  the 
comm.-nt  marks  (/**/)  on  ±ine  140  and  recompiling  the  program. 

(The  line  will  read: 

print! ( "ypouff (  % d  ]  -  Id  \n" , count ,gpbu£f [count] ) ; 

Once  trie  cnaractor  of  tne  strobe  is  deter. .lined,  the  strobesum.c 
program  can  oe  modified  so  it  wxil  recognise  an  "on"  strobe 
pulse,  Tnis  is  very  important  so  that  tne  data  start  summing 
at  the  same  position  each  time  men  respect  to  the  strobe 
purse . 

The  next  step  in  tire  thesis  efiort  was  to  analyse  how 
varying  the  sample  site  effects  the  VLR  waveform.  According 
to  iiay os,  "Tne  form  of  tne  response  is  dependent  on  the  number 
or  epochs  averaged,  wnere  one  epoch  is  tne  data  recorded 
between  stimuli"  (lo:V-2).  in  order  to  prove  or  disprove  tnis 
statement,  it  was  decided  to  use  tne  data  aireauy  collected 
and  to  only  vary  tne  numijei  or  summations  actually  performed 
by  the  summing  program.  For  tnis  Modification,  tne  program 
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simply  the  speed  at  which  the  A/D  converter  is  triggered.  For 
multichannel  transfer,  two  clocks  must  be  used.  One  clock 
generates  the  sampling  rate  (the  interval  between  frames)  and 
the  other  determines  the  actual  converter  speed. 

When  allocating  file  space  on  the  disk  for  each  transfer, 
the  following  formula  snouid  be  used: 

Disk  Space  - 

(I  Samples  in  a  frame  x  Sampling  rate  x  time  x  2  bytes 
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The  Quick  Choice  method  v as  utilized  to  perform  trie  A/D 
conversion  or  digitization.  The  data  were  collected  by  rows 
using  the  multichannel  sampling  option.  Referring  back  to  Fig¬ 
ure  2-3,  the  data  had  four  rows  multiplexed  within  eacn  output 
channel  (or  column).  By  moving  trie  time  delay  detector  via  a 
potentiometer,  tne  four  rows  can  De  singled  out  for  sampling 
by  the  test.multicomm  command.  This  command  is  explained  in 
Appendix  D.  Care  needs  to  be  exercised  to  ensure  tnat  the 


time  delay  trigger  is  positioned  near  tne  middle  of  eacii  row 
section  of  data  and  tnat  the  signal  is  as  horizontal  as  possi¬ 
ble.  If  this  is  not  done,  faithful  reproduction  of  tne  data 
waveform  is  not  possible.  Once  a  row  is  sampled  ant  stored, 
it  can  tnen  be  demultiplexed  into  the  individual  column  elec¬ 
trode  signals  using  the  compiled  array. out  algor i trim.  Tne  C~ 
program, ar ray. c,  is  given  in  Appendix  D.  This  program  taxes 
tne  multiplexed  file  obtained  using  the  multichannel  sampling 
commanci,  test.multicomm,  and  separates  it  into  however  many 
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Cnoice  allows  the  operator  to  interactively  specify  the  com¬ 
mands  that  would  otherwise  be  typed  directly  into  the  UNIX 
command  interpreter  or  "sneii".  A  good  explanation  on  how  to 
use  Quick  Choice  is  in  the  MC-500  Quick  Choice  Users  Manual 
(43)  . 

Data  gxsflsiLai- 

Data  may  be  transferred  between  the  input  channels  and  the 
system  disk  by  way  of  memory  buffers.  In  a  fully  buffered 
transfer,  data  are  not  stored  to  disk  until  sampling  is  com¬ 
plete.  Tnis  method  is  limited  by  the  amount  of  available 
memory  and  contiguous  file  space.  In  a  partially  buffered 
disk  transfer,  data  are  also  placed  in  memory  buffers,  but 
the  buffers  are  written  to  disk  while  the  transfer  is  still  in 
progress.  Tnis  method  avoids  memory  limitations,  but  the 
transfer  rate  is  still  limited  by  the  speed  of  the  disk.  Par¬ 
tially  buffered  transfers  are  preferable  if  one  is  transfering 
large  amounts  of  data  (i.e.  >  200,000  samples);  fully  buffered 
transfers  are  preferable  for  higher  speeus. 

Ths  Clocks 

The  CK10  moauie  contains  ten  independent  ciocns.  Eigne 
of  the  clocks  nave  connectors  on  the  front  of  the  card.  A 
single  clock  can  do  used  to  trigger  sampling.  Multiple  clocks 
can  be  gated  together  to  create  complex  waveforms. 

JL  r  a  n  s  i  c  1  hs-vsi  ^  mo  m  a  i  .1  m  g 

j.  campling,  tne  data  transfer  rate  is 


Tor  sing xo-cnannc 


The  MASSCOMP  MC-500  computer  was  the  oniy  computer  used 
in  this  thesis.  Tne  MC-500  is  a  32-bit  uni;;-based  mini  compu¬ 
ter  system  whicn  allows  three  dedicatee  subsystems  to  perform 
high  speed  computation,  graphics  display,  and  data  acquisition 
simultaneously.  The  computer  will  accept  Fortran,  C,  and 
Pascal  programs,  although  C  is  the  preferred  language.  It  has 
a  1-MIIz  6C010  CPU  which  works  with  a  10-MHz  60000.  Its  C- 
slot  back  plane  Multibus  handles  6  Mbytes/c.  It  also  has  16 

i 

Mbytes  of  virtual  memory  (43:112-113).  For  this  thesis,  the 
system  was  configured  with  a  27-Mbyte  Winchester  drive  and  a 
700-icByte,  5  1/4"  floppy  ciisi;  drive.  An  upgrade  is  planned 
which  will  increase  the  nard  disk  storage  to  166-Mbytes  and 
add  one  magnetic  tape  drive.  Append!;:  F  contains  more  details 
on  the  MASSCOMP  MC-500's  specifications. 

Qui-dii  CiiC-ii'ji 

Software  functions  are  control leu  tnrough  a  program  called 
Quick  Ciioice  (the  MC-500  menu  system),  by  direct  access  using 
the  UWik  command  interpreters  (the  C  sneii),  or  by  user  writ¬ 
ten  programs.  Tnis  tne sis  used  the  Quick  C  '  'ce  option  to 
digitize  tne  oafca.  C  programs  were  also  written  to  uc multiplex 
the  data  ana  commute  tne  evoked  response.  Quics  Cnoice  allows 
the  operator  to  speciiy  actions  ncceee  through  a  series  of 
choices  given  in  what  it  cans  a  "menu".  Ms  sent!  ally  Quick 
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(  INPUTS 
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Ribbon  Corrector 
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Dotted  Lines  =  Internal  Corrections 


Block  Diagram  of  Xncrcn.cn tax  Interlace 


Il/vSSCOiiP  A/D  board.  Collection  of  the  uata  from  the  tape 
recorder  for  this  thesis  reejuireo  only  five  inputs,  the  four 
column  outputs  f r ou:  tuo  array  ana  tne  ctrooc  signal.  However f 
the  capability  e nines  to  install  16  BBC  connectors  should 
future  tnooeo  efforts  require  it. 
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control  input,  allowing  tne  VP  clock  to  pans  to 
the  MASS COMP  Processor. 

In  addition  to  the  circuitry  discussed,  a  7404  Hex  Inverter  is 
required  to  cnange  the  VP  clock  to  a  negative  going  purse,  so 
it  is  compatible  with  the  MASSCOMP  internal  clocks.  Finally, 
the  "D"  flip  flop  must  be  cleared  prior  to  tne  start  of  eacn 
test.  In  the  breadooarded  configuration  tnis  is  accompli sned 
by  shorting  the  "clear"  pin  to  ground  through  a  "normally 
open"  pusn  button.  The  specifications  for  the  integrated 
circuits  useo  in  ail  tne  previously  discussed  circuits  are 
contained  in  Appendix  C. 

IncjiitiQUiiu.  IniaihLiCS. 

Actual  transfer  oi  data  from  tne  multichannel  tape  recor¬ 
der  to  the  mADPCOMP  hoai-Time  Processor  required  the  construc¬ 
tion  of  an  interface.  Tnis  interface  wiii  perform  tne  physi¬ 
cal  conversion  Oj.  tne  transmission  medium  from  coaxial  caoie 
from  the  tape  recorder  outputs  to  the  ribbon  cabie  input  on 
tne  A/D  converter  ooaiu  (See  Figure  3-6). 

Tne  interlace  wa-  constructed  to  accommodate  the  connec¬ 
tion  of  1C  coax j  ai  cabJ es  with  i>MC  connectors  to  receive  the 
output  £  r  o:.;  tne  tape  recorder.  An  internal  connection  was 
then  made  from  the  Fi.'C  connectors  to  a  32  pin  ribbon  connec¬ 
tor.  One  _m.de  oi  tne  ribbon  connector  receives  the  16  signals 
from  tne  LbC  connectors,  uiui  c  tne  16  pins  on  tr.e  other  side 
arc.'  a  common  g  round  terminal.  A  ribbon  caoie  transmits  tne 
data  to  tiie  incremental  or  consecutive  samp;,  .nig  input  on  tne 


in  the  data  resulting  from  changing  capacitance  in  the  array 
JFETs. 

Upon  collecting  day  7  data,  it  became  apparent  that 
Hensley  and  Denton  had  changed  their  strobe  to  a  different 
type.  The  strobe  turned  out  to  be  a  quici;  spike  instead  of  a 
square  pulse.  Tnis  meant  changing  tne  stroocsuin.c  to  recognize 
the  values  associated  with  this  new  strobe.  This  change  also 
hcid  to  be  validated  using  the  same  procedure  as  before.  Figure 
5-3  shows  the  new  strobe  Doing  summed  while  using  tne  new 


Figure  5-3.  Day  /  Serose  Summed 


strobe  as  tne  trigger.  Tne  quid-;  spine  is  very  evident. 
After  this,  each  days  strobe  was  checked  to  make  sure  that  tne 


values  in  strobesum.c  were  still  good.  The  plots  froij  the 
summation  program  are  given  in  Appendix  C.  Ail  the  data 
collected  and  demultiplexed  during  this  last  phase  of  data 
collection  are  stored  on  5  l/4inch  floppy  disiis.  Appendix  E 
contains  a  table  listing  the  floppy  iishs  and  what  is  recorded 
upon  them. 

The  last  testing  which  needed  to  be  performed  was  using 
the  varisum.c  routine  to  rest  the  effect  which  the  number  of 
summations  has  upon  the  output  waveform.  Tne  data  which  had 
been  digitised  and  summed  previousxy  were  used  in  this  program 
with  only  the  numoer  of  summations  changed.  The  resuits  of 
this  test  are  discussed  in  Chapter  VI. 


Investigations  were  carried  out  in  three  areas  on  the 
data  collected  from  t  n  e  m  ultielectrode  array  implant 
experiment,  performed  by  Hensley  and  Denton  (19)  in  October 
and  llover.iber  1962.  Initially,  hardware  was  designed  to 
condition  and  control  the  timing  and  sync  signals.  Next, 
software  was  developed  to  digitise  and  demultiplex  the  16 
signals  from  the  AF1T  array.  Thus,  eacn  electrode  signal 
could  be  converted  to  an  analog  file  for  examination  of  L'EG 
characteristics.  Finally,  a  C  routine  was  written  to  calcu¬ 
late  tne  visual  evoxed  response  of  the  signals  collected  off 
the  cortex  surface.  Tne  results  of  those  investigations  will 
now  be  discussea. 

The  initial  area  to  be  addressed,  as  outlined  in  Chapter 
I,  was  to  prepare  tne  oata  for  digitisation.  Tins  was  achieved 
through  the  construction  of  hardware  which  generated  synchro¬ 
nization  anu  timing  puises  (See  Chapter  III).  Sync  signals 
were  developed  vmch  set  up  a  demarcation  between  tne  normal 
EEG  data  and  tne  o  vox  ad  response  data  wmcn  amoved  the  two 
types  or  data  to  be  storeu  in  separate  files.  A  sampling 
pulse  (V?  ciocx)  was  constructed  from  the  row  one  control 
signal  (row  one  turn-011  signal,  liOTOS)  which  sampled  five 
charmers,  permitting  simultaneous  A/D  conversion.  Finally,  an 


interface  v; as  fabricated  to  convert  from  a  coaxial  to  a  ribbon 


cable  transmission  medium.  This  facilitated  the  simultaneous 
digitizing  of  five  data  cnannels.  Thus,  the  hardware  construct 
ed  supplied  the  necessary  sampling  signals  for  the  correct 
operation  of  tne  software. 

Analog  EEG  Recordings 

As  a  result  of  the  software  developed,  reduced  data  were 
recorded  in  two  forms.  The  first  set  to  be  discussed  is  the 
demultiplexed  data  from  each  array  electrode  wnich  appears  in 
analog  EEG  format.  Numerous  strip  chart  recordings  were  made 
by  performing  a  digital-to-analog  conversion  on  the  files  from 
eacn  electrode.  A  typical  analog  recording  is  illustrated  in 
Figure  6-1. 


Figure  6-1.  Day  3,  Row  3,  Column  4  Eiectroue  Recording 

The  data  illustrated  in  tne  anove  figure  appears  to 
contain  bursts  of  seven  llz  aipna  waves.  Tne  appearance  of  the 
alpha  waves  seems  to  indicate  that  the  array  is  a  suitable 
mot nod  of  collecting  information  from  the  cortex  surface. 
Additional  recordings  are  contained  m  Appendix  B.  Although, 


[-2 


alpha  frequency  waves  were  found  in  tne  early  days  of  testing, 
recordings  of  later  tests,  day  6  and  beyond,  showed  some 
undersireabie  effects. 

Some  of  the  data  appeared  to  be  contaminated  by  the 
strobe  stimulus  signal  and  60  ilz  interference.  Recordings 
from  day  eignt  seem  to  show  that  the  strobe  signal  w as  intro¬ 
duced  within  the  cortical  data  channels.  This  anomally  may 
have  been  caused  by  the  close  proximity  of  the  strooe  circuitry 
to  the  array  output  circuitry.  Additionally,  tne  large  magni¬ 
tude  of  the  strobe  (0  to  -C  volts)  was  anotner  factor  which 
may  have  caused  its  appearance  in  the  data.  This  is  especially 
prevalent  in  data  collected  after  day  7  when  the  strooe  was 
changed  to  a  short  duration  nigh  magnitude  spite.  Tne  effect 
of  60  Hz  interference  can  be  ooserveo  in  data  collected  from 
day  6  on.  However,  this  interference  appears  to  be  uncorre¬ 
lated  and  nas  little  effect  on  the  evoked  response  calculations. 

It  is  also  interesting  to  note  that  the  presence  of  60  Hz 
interference  was  most  prevalent  in  che  oata  collected  in  the 
differential  mode  (dee  Appendix  D-6).  Data  collected  in  the 
absolute  node  was  measured  from  a  row  output  amplifier  to  a 
reference  electrode.  Differential  data  was  measured  beuween 
two  row  output  amplifiers.  Tne  data  collected  m  tne  absolute 
mode  for  day  9,  row  1  column  1  snows  no  discernaoie  presence 
of  the  strobe.  Therefore,  pomups  che  lack  of  a  positive 
ground  in  the  differential  moue  allowed  tne  strobe  to  leak 
into  the  cortical  daca. 


Another  anomaliy  observed  in  the  analog  data  caused 
noticeable  variations  in  tne  evoked  response  calculations. 
This  was  the  lack  of  repeatability  in  tne  analog  data.  In 
other  words,  recordings  made  of  data  taken  from  the  same  data 
campled  twice  showed  marked  differences  (Sec-  Appendix  B-C). 
Although  these  differences  appeared  as  minor  perturbations  on 
the  stripchart  recordings,  the  VER  piots  showed  marked  differ¬ 
ences.  As  mentioned  previously,  by  onifting  the  VP  pulse  to  a 
more  stable  (flat)  area  on  the  data  signal  the  effects  of 
these  pertubations  were  minimized. 

One  final  observation  regarding  the  analog  EEC  data  would 
seem  to  provide  information  as  to  tiie  state  of  deterioration 
of  tiie  array.  Data  recorded  from  the  row  3,  column  1  and  4 
electrodes  collected  on  day  11  seems  to  chow  only  strobe  and 
60  Hz  interference  (See  Appendix  C-7).  Examination  of  a  photo 
taken  tnru  an  electron  microscope  of  tne  uulticiectrode  array 
(19:03)  after  it  was  removed  showed  significant  degradation  of 
the  array  electrodes.  In  race,  the  electrode  at  position  row 
3,  column  4  is  missing  in  the  photograph.  Therefore,  the  lack 
of  any  noticeable  brain  activity  on  tne  day  11  strip  cnart 
recording  maj  indicate  array  degradation  started  sooner  than 
was  thought  by  lien  si  ey  and  Denton.  This  subject  is  addressed 
again  m  tne  ru-iowing  section. 

i IhYViAir.mb. 

First,  it  will  be  noted  that  tne  uotnous  and  tne  routines 
used  to  extract  tne  VER  waveforms  were  validated  bycoilecting 


anu  summing  a  known  v/avoiorin  (i.e.  a  sine  wave).  The  next 
area  oi  concern  ucait  with  the  numoer  or  samples  v/nich  were 
collected  in  each  tesc.  Tneoret icaliy ,  a  specific  sample  size 
could  be  derxveu  using  statistics.  Realistically,  this  method 
should  be  used  if  each  sample  cost  the  experimenter  soraetniny, 
such  as  money  or  time.  In  tnis  case,  samples  cost  practically 
nothing.  If  anything,  tne  question  was  not  "How  many  samples 
should  one  take?",  but  more,  "How  many  samples  can  one  take?", 
because  of  the  memory  constraints  addressed  previously,  a 
sample  size  of  greater  than  200,000  was  not  possible  using 
fully  buffered  data  transfer.  Partially  ouffered  transfers 
hue  been  ruled  out  uecause  of  increased  time  for  collection, 
even  tnough  it  permitted  larger  samples  sizes. 

Appendix.  C  contains  tne  summed  VI. 'll  plots  for  most  of  the 
cays.  Some  of  tne  VSR  pious  for  specific  electrodes  are 
missing  because  of  the  inability  to  acuieve  a  reasonable  revel 
of  repeatability  when  data  from  a  specific  erect  rode  were 
sampled  and  plotted  twice.  Days  3-S  snow  VHRs  under  tne  first 
strooe  used  by  Hensicy  and  Denton.  When  the  piots  are 
physically  arranged  in  row  and  column  format  by  each  uay,  some 
observations  can  oe  made. 

1.  All  the  uays  show  a  marked  decrease  or  negative 

spike  at  tne  exact  same  time  as  tne  strobe  cut¬ 
off,  indicating  a  leakage  of  tne  strobe  signal 
into  the  data  channels . 

2.  As  tne  days  of  testing  pr ogress ed,t he  waveforms 

smooth  out  cons  i  dei  aoiy,  and  by  day  6  the  VL'R 


plots:  show  minimal  pertuoations.  This  could  in¬ 
dicate  that  trie  dog  was  becoming  accustomed  to  the 
180  millisecond  square  wave  strobe  signal. 

3.  Some  collective  column  output  signals  appear 
smoother  than  the  rest.  This  is  especially  ap¬ 
parent  in  column  4  waveforms  for  days  5  and  6. 

This  coulci  indicate  a  degradation  of  the  cir¬ 
cuitry  by  the  CSF  in  the  cog's  brain. 

It  is  known  that  when  the  AFIT  array  was  removed  from  the 
dog's  brain,  some  of  the  electrodes  had  deteriorated.  Hensley 
and  Denton  believed  that  the  damage  was  a  result  of  the  extrac¬ 
tion  procedure  (IS: 82)  since  the  cortex  area  under  the  implant 
f),  appeared  normal.  However,  looking  at  how  the  VEk  waveforms 

changed  as  the  days  progressed  indicates  that  the  implant  was 
prooably  affected  by  the  CSF  prior  to  removal. 

From  pictures  in  Hensley  and  Denton's  thesis  it  appears 
that;  row  4  electrodes  naa  aimoet  completely  seen  stripped 
away,  coxumn  4  output  channel  and  rows  3  and  4  input  signal 
channels  nac  begun  to  deteriorate,  ana  rov;  l's  internal 
circuitry  had  also  been  stripped  away.  What  is  not  known  is 
how  soon  this  deterioration  began,  anu  what  effect  it  had  on 
tne  oat a  collected  from  each  eiectroue. 

To  minimise  tne  effects  of  the  square  wave  strobe  on  the 
data,  Hensley  and  Denton  cnangeu  tne  ocrooc  stimulus  marker  to 
a  spike  waveform  on  day  7.  'i'noy  apparently  oeiievod  that  the 
square  wave  strobe  marker  could  ue  biasing  tne  data  too  much. 
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If  the  data  collected  while  tne  new  strobe  stimulus  was 
applied  is  laid  out  m  columns  and  rows,  it  is  harder  to  tell 
the  spike  strobe  cut-off  point.  One  also  sees  a  suoden  in¬ 
crease  in  activity  in  the  waveforms,  maybe  because  the  dog  was 
not  accustomed  to  this  new  strobe. 

On  day  7,  a  test  had  been  done  using  a  metal  bucket  and  a 
black  cloth  to  shield  the  light  from  the  dog's  eyes.  This  is 
an  interesting  test  because  it  allows  summations  to  be  performed 
since  the  strobe  is  present,  out  tne  data  snould  aiso  be 
absent  of  any  evoked  response.  Unfortunately,  only  one  row 
was  capable  of  being  collected  from  this  test  because  the  data 
was  unstable.  If  tnis  row  is  used  as  a  comparison  for  the 
evoked  response  data  collected,  one  notices  in  day  7  that 
there  are  usually  two  spikes  that  appear  at  the  beginning  of 
the  prots  within  the  first  20  milliseconds.  Some  of  the  plots 
do  not  snow  those  spikes,  out  usually  these  plots  aiso  indicate 
a  lessened  Drain  activity.  In  fact,  as  with  the  square  wave 
strooe,  tne  piots  snow  a  lessening  in  waveform  pertubations 
from  aay  7  to  day  8.  also  evident  is  a  columnar  correlation. 
The  column  waveforms  between  the  two  days  are  very  simiiiar. 
Since  the  uata  were  digitised  by  rows  and  not  by  columns,  this 
again  inoicatc-s  that  there  may  nave  been  something  affecting 
the  column  output  channels  from  tne  array  during  tne  actual 
tcst.i.ny  with  tne  cog. 

On  aay  11,  the  strooe's  magnitude  was  douoled.  This 
caused  a  nociceaoic  change  in  most  of  tne  uata  accept  column  1 
data  (for  oola  ausoiute  anu  unferentiai  testing).  Tins  is 


also  seen  in  day  8's  data.  The  face  that  day  11,  column  1  oata 
also  exnibits  the  same  waveform  as  day  8,  column  1  data  signifies 
that  there  could  have  been  something  wrong  with  column  l's 
output  channel  at  tnat  tirae. 

The  final  area  of  analysis  covered  tne  effect  that 
changing  the  number  of  summations,  to  derive  tne  VCR,  had  upon 
the  shape  of  the  waveform.  As  mentioned  previously,  Hayes 
believed  that  varying  the  number  of  summations  would  greatly 
change  the  waveform  because  of  possible  non-s tationar ies. 
Using  the  varisum.c  program  tne  plots  for  40  summations  and 
60  summations  are  shown  in  Figure  6-2  and  6-3,  respectively. 
There  are  differences,  out  they  are  minor  compared  to  the 
general  shape  of  the  waveform,  widen  is  the  same  in  both 
summations.  Those  differences  in  tne  VCR  waveforms  are  proba¬ 
bly  caused  by  variations  in  tne  summation  of  unco r related 
noise.  Thus,  the  reiiaoility  of  the  methods  used  to  extract 
the  VCR  seems  to  have  been  verified.  Unfortunately  tne  length 
of  tne  tesc  onj.y  allowed  60  summations. 

Tills  variable  summation  test  was  performed  on  c.nc  only 
data  which  were  aule  to  be  collected  from  an  ear  tiooe 
referenced  to  tne  L- shaped  electrode  on  tne  array  (a..«:.i rf ier 
#5) .  It  was  nop  to  tnat  a  plot  matching  Con  nicy  ana  Jon  ton's 
plot  (Figure  6-4)  couau  be  aupiicuteu.  UniortunaLO-y  unis  was 
not  done,  aitnou^u  some  similar  it-.c.j  arc  noticeut>ie. 
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This  thesis  accomplished  most  of  what  it  set  out  to  do. 
The  EEG  strip  chart  recordings  display  evidence  of  low 
frequency  alpha  waves,  thus  indicating  that  the  semiconductor 
array  inplant  is  a  suitable  method  for  extracting  brain  data. 
The  fact  that  sixty  cycle  hum  (evident  in  the  EEG  strip  cnart 
recordings)  does  not  appear  in  the  VL'li  curves  confirms  the 
theory  that  the  summation/averaging  method  can  effectively 
filter  out  uncorrelated  noise. 

Host  of  the  data  collected  by  Hensley  and  Denton  was 
studied  and  comparisons  made  between  waveforms  of  different 
days  and  different  tests.  The  tests  conducted  using  the 
spiked  strooc  of  days  7  thru  11  are  probably  the  most  useful 
since  evidence  indicates  that  the  longer  strobe's  signal 
leaked  into  the  oaca  collection  circuitry.  Unfortunately  the 
spikea  strooe  was  not  used  until  well  after  tne  array  was 
implanted.  By  this  time  the  CSP  in  the  dog's  brain  probably 
had  begun  to  deteriorate  the  implant.  Tuis  creates  a  lack  of 
confidence  to  some  decree  in  the  fact  that  a  possible  evoked 
response  was  found. 

Tuis  thesis  has  devised  a  me  thou  by  wide h  further 
experiments  can  directly  sample  the  data  and  analyze  it 
without  the  use  or  some  recording  uovise.  By  using  the 
interface  box  and  t so  digitizing  and  summing  algorithms,  near- 


realtime  data  analysis  and  feedback  is  possible. 

Final  Remarks  and  Recommendations 

done  or  the  writing  so  far  adequately  expresses  the 
amount  of  work  the  analysis  required  and  the  numerous  frus¬ 
trating  problems  encountered.  The  work  and  the  frustration 
were  Drought  on  in  part  by  tne  fact  that  tnis  thesis  followed 
after  two  other  thesis  efforts  (Hensley  and  Denton's,  and 
Hayes')  which  supplied  the  data  and  also  the  first  data  analy¬ 
sis  attempt.  Critical  information  needed  by  this  thesis  was 
not  documented,  thus  muon  effort  and  time  was  spent  in  areas 
which  should  not  have  seen  required.  Two  major  examples  of 
tne  lacs  of  documentation  are: 

1)  ho  log  was  written  a  own  by  liens  icy  and  Denton  as  to 
what  tests  were  done  each  day  and  no  indication  as  to  when 
tney  onangeu  seroses  anu  what  the  characteristics  of  each 
strobe  were.  Ai though  there  is  a  voice  track  on  the  tape,  t) 
information  recorueu  there  is  very  sketchy  and  one  still  needs 
to  have  a  written  log.  Appendix  A  now  contains  the  log  for 
days  3  thru  11,  taxon  from  the  voice  track.  Tne  log  does  not 
include  days  1  ana  2,  and  12  ana  10;  since  oata  from  these 
days  count  not  do  digitizer*  for  reasons  mentioned  in  Chapter 
III,  page  I 11-1. 

2)  Fayes  left  no  schematic  to  tne  circuit  wni  ci«  ne  design¬ 
ed.  Fortunately,  this  thesis  uiu  not  need  to  use  muon  of 
Hayes'  circuitry. 

This  does  not  necessarily  mean  that  the  two  prior  thesis 
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This  appendix  contains  the  VER  suumation  piots.  Tne  time 
scale  along  the  x-axis  represents  540  milliseconds.  This 
length  of  time  was  chosen  to  show  as  much  detail  as  possible 
in  the  waveforms.  In  some  instances  an  ev  shorter  time 
length  could  have  brought  out  more  detail,  L  ,t  to  keep  the 
time  scale  consistent,  this  was  decided  against. 


Confidence  Testj  EEG  Data,  Day  3>  Row 


Test  B,  Column 


EEG  Data,  Day  9»  How  3>  Differential  Mode 


Column  4 


EEG  Data,  Day  7,  Row  3,  Differential  Mode 


Column  4 


Differential  Mode 


Column 


APPENDIX  B 

EEG  Analog  Recordings 

The  strip  chart  recordings  illustrated  in  this  appendix  are  demulti¬ 
plexed  data  collected  from  a  single  electrode.  They  are  representative 
of  a  "typical"  analog  EEG  output.  All  data  shown  here  were  recorded  at 
25mm/sec  (millimeters  per  second) . 


Date/Day 


Comments 


Tape  Counter 
Position  v 


1 

Nov/ 8  1 

1412 

1 

1  Gain  set  at  5000 

1 

1435 

1  Data  starts 

1 

1440 

1  Start  60  count  flash  test, 

1 

1  differential  mode 

1 

1467 

1  Test  ends 

1 

1472 

1  Start  60  count  flash  test. 

1 

1  Absolute  mode 

1 

1495 

1  Test  ends 

3  Nov/ 9  i 

1508 

1  Gain  set  at  2000 

1 

1  No  normal  data  recorded  this  day 

1 

1528 

1  Start  60  count  flash  test, 

1 

1  absolute  mode 

1 

1561 

1  Test  ends 

1 

1595 

1  Preliminary  differential  mode  tes 

1 

1627 

1  Start  differential  mode  test 

1 

1631 

1  Test  ends 

4  Nov/ 10  1 

16  44 

1  Gain  set  at  50 

1 

1  Gain  to  low  for  data  to  be  useful 

1 

1  Amplifier  f 5  useci 

1 

1809 

1  00  count  differential  test  begins 

1 

1828 

1  Test  ends 

5  Nov/ 11  1 

1848 

1  Amplifier  &5  used 

1 

1866 

1  60  count  differential  test  begins 

1 

1885 

1  Test  enus 

1 

1920 

1  60  count  aosolute  test  begins 

1 

1538 

1  Test  ends 

APPENDIX  A 


Data  Tags  Log 


Date/DayS 


Tape  Counter 
Position  # 


Comments 


27  Oct/3  1 

109 

1  Gain  set  at  500 

1 

114 

1  Ricky  stimulated  v;/strobe 

1 

190 

1  End  of  Data 

20  Oct/ 4  1 

232 

1  Gain  set  at  1000 

1 

1 

275 

1  Amplifiers  on,  testing  begins 

1  normal  mod 

1 

290 

1  Strobe  starts,  VER  data 

1 

306 

1  100  Count  test  begins 

1 

332 

1  Test  ends 

29  Oct/ 5  1 

520 

i  Voice  track  starts 

1 

550 

1  Data  starts 

1 

570 

1  100  count  VER  test  begins 

1 

624 

1  Test  ends 

1 

626 

1  Normal  test  starts 

1 

670 

1  Test  enas 

wsmm 

019 

1  100  count  normal  test  Degins 

i 

036 

1  test  ends 

i 

030 

1  100  count  EVR  test  Degins 

i 

907 

1  Test  enas 

i 

i 

1000 

1  Test  witn  uucket  over  Ricky's 

1  head 

i 

1065 

1  Test  with  bucket  over  strooe 

Nov/7  1 

1 

1140 

1  Cain  set  at  1000 

1  New  strooe  is  introduced 

1 

1 

1205 

1  Start  60  count  flash  test, 

1  differential  node 

1 

1  Test  onus 

1 

1315 

1  Start  60  count  flash  test, 

1 

1  absolute  none 

1 

1349 

i  Test  enus 

1 

1 

1360 

1  Start  60  count  nash  test, 

1  differential  mode,  strobe 

1 

1  covered 

1 

1305 

1  Test  ends 

The  spiked  strobe  should  De  used  from  the  outset. 
Good  documentation  should  be  kept  tnroughout  the 
experiment. 

The  spatio-temporal  correlation  technique  should 
be  accompiisned. 

Other  signal  processing  techniques,  sucn  as  Kalman 
filtering  and  Fourier  and  Walsh  transformations, 
could  be  attempted  and  their  results  compared. 
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guous  file  space  ror  data  collection  added  some  more  problems. 
Although  contiguous  file  data  collection  means  faster  collec¬ 
tion;  on  a  system  with  no  repack  capability  for  the  nard  disc, 
this  means  limited  file  lengths.  A  work  around  is  to  collect 
directly  onto  a  floppy  disc  and  then  the  file  can  be 
demultiplexed  into  the  column  outputs  and  these  files  also 
stored  on  floppy  disc.  Even  then,  memory  size  limits  collec¬ 
tion  to  under  300,000  samples  at  a  time.  This  system  turned 
out  to  oe  adequate  for  this  thesis.  However,  the  follow  on 
thesis  using  the  256  electrode  array  will  definitely  need  a 
much  larger  contiguous  file  spce  and  memory  capacity  since 
sixteen  channels  will  be  sampled  instead  of  five. 

The  stored  data  and  tue  Ampex  machine,  which  was  used  to 
play  the  data  bacx,  brought  in  another  set  of  problems. 
First,  tne  data  were  well  infused  with  sixty  cycle  hum  when  it 
was  recorded.  This  is  very  apparent  when  looking  at  some  of 
the  EEC  strip  charts.  Also,  at  some  point  tne  data  became 
distorted  with  noise  and  jitter.  The  tape  recorder  v/ould  also 
develop  squeaks  along  certain  portions  of  tne  tape  which  also 
caused  tremendous  distortion  in  the  data.  Ilany  times  the  data 
had  to  be  collected  over  again  in  the  hopes  that  this  squeak 
would  not  appear.  Fortunately  this  recorder  need  not  be  used 
in  further  impiant  experiments. 

Iiecommenuations  ror  further  impiant  experiments  include: 


1.  Time  should  oe  spent  preparing  a  pi an  for  testing 
with  control  tests  included  for  comparison  purpose 
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efforts  were  negligent.  Their  problem  was  lack  of  tiiae.  For 
example,  Hensley  ana  Denton  collected  their  data  in  late 
October  thru  early  Povemoer,  a  time  when  their  writing  should 
have  been  nearly  complete.  For  future  experiments,  a  plan  of 
analysis  snouid  be  written  down  prior  and  followed  as  closeiy 
as  possible  with  a  written  log  kept  for  future  reference. 

Another  area  of  major  problems  lay  witn  the  computer. 
Poor  documentation  caused  many  of  these  problems.  The  learning 
curve  for  this  computer  turned  out  to  be  tremendous.  Anyone 
who  plans  to  attempt  further  data  acquisition  and  analysis 
with  tne  MASSC011P  MC-500  shouxd  at  least  attend  the  data 
acquisition  course  given  by  Masscomp  in  Boston.  It  would  also 
be  very  helpful  to  attend  the  graphics  course,  if  time  and 
money  are  available.  A  background  in  computers  and  computer 
pr< g ramming  (especially  "C")  would  be  invaluable. 

Lack  of  needed  equipment  caused  more  problems  for 
which  some  work-arounus  had  to  oe  devised.  A  D/a  board  was 
needed  to  obtain  tne  scrip  cnart  recordings  of  tne  LEG  signals 
from  the  individual  electrodes.  Tnis  board  had  to  be  borrowed 
from  another  lab  on  base  wnenever  it  was  needed.  Also,  anotner 
one  of  the  cues  is  oojec Lives  could  not  oe  accomplished  be¬ 
cause  neither  the  magnetic  tape  drive  nor  a  modem  sad  come  in 
(both  hau  been  ordered) .  The  tape  drive  snouid  be  available 
for  the  next  experiment,  it  is  highly  recommended  chat  the 
spatio-temporal  correlation  technique  oe  tested  with  tne  larger 
array's  data. 

The  fact  that  the  uata  acquisition  programs  need  conti- 
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APPENDIX  D 


Software  Programs  and  Commands 
test.multicomm  command 

dacq  -TA  -D/dev/dacp/adf 0  -M  -cf2  -cs3  -cn5  -cvlOOOO 
-ch250. 000000  -G  -n5  -fO  -il  -B  -d/usr/collier/f iiename 
-175000  -A70. 000000 

This  command  line  tells  the  computer  to  read  in  through 
the  A/D  board  five  channels  starting  with  channel  0  and  incre¬ 
menting  by  one  up  to  channel  4.  The  five  channels  are  sampled 
at  a  frequency  of  250  hz  with  a  converter  speed  of  10000 
channel/s.  Two  clocks  are  used  with  one  triggering  (or  gating) 
the  other.  The  computer  samples  75000  bits  of  data.  If  it 
has  not  finished  sampling  the  data  in  70  seconds,  it  times 
out.  The  data  that  is  sampled  is  stored  under  a  specified 
filename . 

da. command  command 

dacq  -TD  -D/dev/dacp/  dafO  -clO  -cH250  -cd50. 000000  -nl  -fO 
-iO  -D  -d/usr/collier/f iiename  -30000  -A120. 000000 

This  command  tells  the  computer  to  take  30000  bits  of 
data  stored  under  a  specified  filename,  at  250  hz,  and  run  the 
data  tnrough  the  D/A  converter  out  through  channel  0. 
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DACQ  Switches 


alarm  timeout  value  in  seconds 
set  main  memory  big  buffer  mode 
device  pathname 

set  file  transfer  via  driver  mode 
multiple  clock  setup 
device  type  (A  =  a/V,  D  =  d/a) 
differential  input  on  A/D 
clock  frequency  in  Hz 
clock  duty  cycle  in  percent 
first  clock  number 

clock  number  to  use  for  single  channel  clock 
number  of  channels  for  multi-clock  waveform 
second  clock  number 
converter  speed  in  channels/s 
disk  fixe  name 

first  channel  in  incremental  mode 
gain  for  incremental  mode 

increment  between  cnanneis  in  incremental  mode 

transfer  length  in  items 

number  of  channels  in  incremental  mode 

file  name  for  random  cuannel  list 

simultaneous  samples  (D/A,  A/D) 

in  a  switch  listing  means  tnat  tne  module  is  expecting  an 
integer  vaxue  in  place  oi  the  i 

indicates  a  floating-point  number 

indicates  a  string  of  characters,  such  as  a  disk  file  name 


Compile  command  for  'C'  programs 


cc  filename. c  -lpg  -Imr  -lm  -o  fiiemane.out 


cc 

Calls  up  the  "C1  compiler  program. 

f  ilename.c 

The  name  of  the  file  written  in  'C'. 

Must  end  in  ",c". 

-lgp 

Tells  the  compiler  to  call  up  the  graphics 
library. 

-lmr 

Tells  the  compiler  to  call  up  the  object 
archive  library. 

-lm 

Tells  the  compiler  to  search  the  math 
library. 

-o 

Tells  the  compiler  to  output  an  object 
file. 

filename. out 


The  name  which  the  compiled  object  file 
is  called. 


: 
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Plotp  Commands  ! 

-g 

suppress  grids 

-a 

suppress  axes  “ 

-cs 

string  of  plot  characters.one  per  line;  set  marking  ■ 

-f 

suppress  frame  * 

-gxbi 

bundle  for  x  grids 

-gyoi 

bundle  for  y  grids  \ 

-lni,bi 

bundle  for  plot  line  i  .1 

-lni,mk 

mark  plot  line  i 

-ri 

region  to  draw  in 

-  txbi 

bundle  for  x  tics  ! 

-txsi 

size  for  x  tics  <%  of  frame  size)  ; 

-tybi 

bundle  for  y  tics  ! 

-tysi 

size  for  y  tics  (%  of  frame  size)  ; 

-xa 

no  x  axis  mark  label 

-xbi 

bundle  for  x  axis  ; 

-xnf 

x  axis  high  limit  1 

-xi 

x  origin  of  plot  •; 

-xif 

x  axis  tic/grid  interval 

-xif 

x  axis  low  limit 

-xni 

x  axis  no.  of  tics/grids  ' 

fV  -xt 

no  x  axis  title  j 

-ya 

no  y  axis  mark  label  ! 

-ybi 

bundle  for  y  axis 

-ybf 

y  axis  high  limit 

-yi 

y  origin  or  plot 

-yif 

y  axis  tic/grid  interval 

-ylf 

y  axis  low  limit  j 

-yni 

y  axis  no.  of  tics/grids  \ 

-yt 

no  y  axis  title 

-Axbi 

bundle  for  alternate  x  axis 

-Aybi 

bundle  for  alternate  y  axis 

-Xi(P,T)s 

X  data  file  for  line  i,  Permanent  or  Temporary 

-Yi (P,T) s 

Y  data  file  for  line  i,  Permanent  or  Temporary  j 

-Ini,  rabi 

text  bundle  for  mark  character  for  pa.ot  line  i 

-Ini,  nisi 

size  of  mark  characters  for  plot  line  i 

i  =  integer 

tr 

« 

■ 

f  =  floating 

pt  # 

! 

- 
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Array. c  Program 


/*This  program  is  to  extract  from  an  already  created  binary 
D/A  file,  a  specified  channel.  After  extraction  tne  cnannei 
is  displayed  using  grapnics  routines  and  tiien  written  to  a 
user  given  output  file.  The  program  repeats  until  user  wants 
to  stop.*/ 

#include  <stdio.h> 

Sdefine  PLBUFSIZE  600 
Soefine  BUFFSIZE  600 
Sdefine  MiiXCHAlllJELS  5 
#aef ine  MIHUSOHE  (-1) 

/*tne  control  array  for  the  mgiosc  command*/ 
int  controi[13]  =  { 


0/  /*  0  starting  index  */ 

0,  /*  1  number  of  'x'points  plotted,  filled  in  later*/ 

100,  /*  2  starting  x  value  */ 

0.  /*  3  starting  y  value  */ 

0x36,/*  4  master  control  word,  enable  scaling  36=11110*/ 
1,  /*  5  data  points  per  increment  */ 

1,  /*  6  increment  value  */ 

0,  /*  7  offset,  filled  in  later  oy  scaling  routine  */ 

1,  /*  G  scaling  multiplier  */ 

1,  /*  9  scaling  divisior  fiiied  in  later  by  scaling 

routine  */ 

60,  /*  10  secondary  addition,  used  to  raise  off  bottom 

of  screen  */ 

0,  /*  11  sync  v,’indo  width  */ 

0,  /*  12  sync  value  */ 


int  xl ,y t ,yr ,yb,nuil; 
main  0 


int  f b,channum,DOUE; 

cnar  data_in_i lie  1303 ,daca_out_f ile f  3 0  3  ; 
short  int  gpuuf f [BUFFSIZE] ; 
int  nchan; 

static  short  i ileouf  [FLBUFS1ZE  *  MAXCHANIIELS] ; 
int  c; 

int  EhDFILE  =  0; 
int  bufferflag; 
char  stopchar; 


int  j; 

int  count, count2; 
int  vunum  -  2; 

int  fpin,  ipout;  /*for  use  with  read  and  write  */ 
int  n_bytes,  data_items; 

/*  initialize  graphics,  files,  how  many  channels  per  how  many 
frames*/ 

DONE  =  0;  /*  flag  to  let  user  quit  */ 

/  *  get  info  from  user  *  / 

printfC  Be  fore  continuing  I  need  so  me  information  from  you.\n\n") 
printfO'This  program  reads  from  an  EXISTING  binary  file,  \n")j 
printf ("displays  a  selected  channel,  then  writes  that  cnannel\n") 
printf ( "inf ormation  to  a  given  output  file.  "); 

mgiasngp(0,0) ; 

while (DONE  =-0) 

{ 

/*  this  user  info  inside  loop,  will  need  for  every 
extraction  */ 

printfC  I  need  from  you  the  following;  \n\n"); 
do 
{ 

printf ("  Tne  number  of  channels  per  frame;  "); 
scant  (  "id"  ,  ancnarJ  ; 

if(nchan  <--  0  II  nchan  >  MAXCHANNELS) 
printf ("NnNumber  of  channels  is  oetv/een  0  and  %d  \n", MAXCHANNELS) 

} 

while(nchan  <=0  II  nchan  >  MAXCHANNELS); 
do 
{ 

printfC  The  channel  number  to  extract  "); 
scant'  ("id"  , icnannum) ; 

} 

while (channum  <=011  channura  >  ncnan); 

cnannum  =  channum  -  1;/*  bring  from  1  -  4  to  0  -  3range  */ 
printfC  The  EXISTING  binary  input  file  name:  "); 

scant ( "%s" ,uata_in_f ile)  ; 

fpin  =  open (data_in_f ile, 0) ;  /*0  -  reads  */ 

if  (fpin  ==  KINUSONE) 

{ 

printf ("Error  in  opening  is  ,  \n",data_in_f ile) ; 
exit (1) ; 

} 


printf  (" 


Tne  output  file  name: 


scanf ( "%a" ,data_out_f iie)  ; 


if((fpout  =  open(data_out_f ile,l) )  ==  -1) 
fpout  =  creat (data_out_£ iie,07G6) ; 

if (f pout  ==  KINUSONE) 

{ 

printf ("Error  in  opening  %s  .  \n",data_out_f ile) ; 
ex i t  ( 1 )  ; 

} 

/*init  graphics  */ 

mgipin(-l);  /*  enable  all  planes  */ 

mgihue  (3)  ; 

rngifb (1 , 3)  ; 

mgiclearpin(2,-l,G) ; 

fb  =  1; 

mgifb ( 3-fb , fb) ; 

mgigetvcoor  (vunum,&xl,&yb,£ixr,£cyt  ,&null) ;  /*get  v/indo 

coordinates  for  scaling*/ 

v/hiie  ( (n_bytes  =  read(fpin,  f ilebuf ,  (FLSSCJFSIZE*nchan*2) ) )  >  0) 
/*  do  the  extraction,  graphics  and  writing  */ 

{ 

count2  =  n_bytes/2; 

/♦extract  the  cnannel  from  the  file  buffer  */ 
if(count2  >  600) 

count2  =  count2/nchan;  /*do  only  600  max  for  graphics 

or  do  up  to  what  ever  counc2  is*/ 

for(count  =  0;count  <  count2;  count++) 

{ 

gpbuff [count]  =  f ilebuf  I  (count*nchan) +channura] ; 

/*printf  f'gpbuf f  [  r6d  ]  =  %d  \n",cont, gpbuff  [count ]); */ 

} 

/*  count  now  contains  tne  number  of  items  in  the  graphics 
buffer  count  is  <  =  600  \r i  1 1  scale  only  the  numoer  or  points 
obtained.  except  for  last  of  fire  tnis  number  snoula  oe  600. 

*/ 

/*  now  scale  tne  data  to  the  windo  */ 

scale_data (gpbuff , count) ; 
control  [1>  =  courn;; 
buff or flag  =  1; 
mgiosc (gpouf f , control)  ; 
mgifb(fb,3-fb)  ; 


mgiclearpln(2,-l,C)  ; 

mgaaol  (lb,mgfadd  (iouf  £  erf  lag)  )  ; 


while(buf f erf lag  !=  0)  ; 

fb  =  3  -  £d; 

/*write  gpbuff  to  tne  data_out_f iie  */ 

/*  f  or  ( 3  —  0 ;  j  <count;  j  +  +  ) 

putc(gpbu££ [ j ] , fpout) ;  */ 

write (fpout, gpbuff ,  (BUFFSI ZE  *  2)); 

>  /*  end  while  */ 


/*  close  the  files  */  j 

close (f pin) ; 
close (fpout) ; 

endfile  ==  0;  /*  RESET  THE  EUD  OF  THE  FILE  MARKER  */ 
mg iciearpin ( 2 , -1 , 0) ; 

printf ("Would  you  like  to  do  another  chan  ???  l^Y  or  2=U  \n\n;  * 

scant  ("ici"  ,a  j)  ; 

if  (j  --2 )  /*  I  I  ( j  =  ) )  */ 

DOME  =  1; 
else 

DOME  =  0;  /*  dont  stop  */  , 

}  /*  end  while  */ 

mgifb (1,3)  ; 
mgiclearpm(2,-l,0)  ; 

mgideagpO;  I 


}  /*ena  mam  */ 

/  *  *  ★  *  *  ie  ie  ie  ie  ie  *  *  *  *  *  *  *  x  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  *  ie  *  it  *  *  * 


scale_data (gpbuff , count) 


short  *gpbuff; 
int  count: 


int  maximum,  minimum,  oid_ma>:imum;  I 

maximum  -  f  inumax  (gpbuff , count) ; 
minimum  =  r indmin (gpbufr, count) ; 
oid_maximum  -  maximum; 

/*make  data  zero  relative  */  I 

if  (minimum  <  0) 

control  (7]  -  aos(mlniruum) ; 
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33 

daylldf  rlcl 
daylldf rlc3 

daylldf rlc2 
daylldf rlc4 

strobelldf rl 

34 

daylldf  r2cl 
daylldf r2c3 

daylldf  r 2c2 
daylldf r2c4 

strobelldf r2 

35 

daylldf  r3cl 
daylldf r3c3 

daylldf r3c2 
daylldf  r3c4 

strobelldf r 3 

36 

daylldf r4cl 
daylldf  r 4c3 

daylldf r4c2 
daylldf r4c4 

strobelldf  r4 

37 

dayllr5 

strobedllr5 
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15 

day6r4cl 

day6r4c3 

day6r4c2 

day6r4c4 

strooed6r4 

16 

day7df  r2cl 
day7d£ r2c3 

day7df r2c2 
day7df  r2.c4 

strobed7df r2 

17 

day7df  r3cl 
day7df r3c3 

day7df  r3c2 
day7df  r 3c4 

strobed7df  r3 

18 

day7df r4cl 
day7d£r4c3 

day7df  r4c2 
day7df r4c4 

strobed7df r4 

19 

day7oucr4cl 

day7bucr4c3 

day7bucr 4c2 
day7bucr4c4 

strooebcd7r4 

20 

day7abr4cl 
day7aor 4c3 

day7abr4c2 
day7abr 4c4 

strobed7abr4 

21 

day8df rlcl 
day8d£rlc3 

daySdf  rlc2 
daySdf rlc4 

strobed8df  rl 

22 

dayCdf  r2cl 
day8df r2c3 

day8df r2c2 
dayOdf r 2c 4 

strobedOdf  r2 

23 

daySdf r3cl 
dayOdf r3c3 

day0d£r3c2 

day0d£r3c4 

strobed8dfr3 

24 

daySdf r4cl 
dayCdf r4c3 

dayOdf r4c2 
day8d£r4c4 

strobedOdf r4 

25 

daySabrlcl 

day8abrlc3 

day8abrlc2 

day8abrlc4 

strobedSaorl 

26 

day8abr2cl 

day8abr2c3 

day8abr2c2 

day0abr3c4 

strobed8abr2 

27 

day8abr3cl 

day8abr3c3 

day3abr3c2 
aay8abr 3c4 

strobed8abr3 

20 

daySabr4cl 

day8abr4c3 

daySabr 4c2 
ciay8abr4c4 

strobeaCabr4 

29 

dayllabrlcl 

dayllabrlc3 

dayllabrlc2 

dayllabrlc4 

strobellabrl 

30 

dayllaDr2cl 

dayllabr2c3 

dayllabr2c2 

dayllabr2c4 

strobellabr2 

31 

dayllabr3cl 

dayllabr3c3 

dayllabr3c2 

dayllabr3c4 

strobellabr3 

32 

dayllabr 4cl 
dayllabr4c3 

dayllabr 4c2 
dayllaor4c4 

strobellabr4 
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APPENDIX  E 


List  Qf  Fjj.cs  On  Floppy  Disks 


Disk  # 

Files 

On  Disk 

1 

day3rlcl 

day3rlc3 

day3rlc2 

day3rlc4 

strobed3rl 

day3r2cl 

day3r2c3 

day3r 2c2 
day3r2c4 

strobed3r2 

2 

dayer3cl 

day3r3c3 

day3r3c2 
day3r 3c4 

strobed3r3 

3 

day3r4cl 
day 3 r 4c 3 

day3r 4c2 
day3r4c4 

strobed3r4 

4 

day4df  rlcl 
aay4d£rlc3 

day4df  rlc2 
day4df rlc4 

strobed4df  rl 

5 

day4df  r2cl 
day4uf  r2c3 

day4d£r2c2 

day4a£r2c4 

strobed4df r2 

6 

day4d£ r3cl 
day4uf r3c3 

day4d£  r3c2 
day4d£r3c4 

strobed4d£r3 

7 

day4af c4cl 
day4d£r4c3 

day4d£r4c2 

day4d£r4c4 

strobed4df r4 

8 

day5rlcl 

day5rlc3 

day5rlc2 

day5rlc4 

strobed5rl 

9 

aay5r2cl 

day5r2c3 

day5r2c2 

day5r2c4 

strobed5r2 

10 

day5r 3cl 
day5r3c3 

day5r3c2 

day5r3c4 

strobed5r3 

11 

day5r4cl 

day5r4c3 

day5r 4c2 
day5r4c4 

strobed5r4 

12 

day6rlcl 

day6rlc3 

day6rlc2 
dayS  rlc4 

strobedSrl 

13 

day6  r2cl 
day6r2c3 

dayS  r2c2 
day6r2c4 

strobed6r2 

14 

day6r3cl 

day6r3c3 

day6r3c2 

day6i:3c4 

strobedSr3 

/♦This  is  the  subroutine  which  is  called  to  find  the  first 
strobe  pulse.  It  then  returns  to  the  main  program  with  the 
pointer  set.*/ 

int  f indstrb (strobuf f ) 
short  strobuffN; 

{ 

int  i,j; 

short  *bpl,  *bp2; 
bpl  =  strbbuff; 
for (j=0; j<STRBBUFFSIZE; j++) 

{ 

if (*bpl  >  -100  &&  *bpl  <  100) 

{ 

return( j) ; 

} 

bpl++; 

)  /*end  for  loop*/ 
return (-1) ; 

}/*end  findstrb*/ 


recognized.*/ 


if(*strbptrl  >  -100  &&  *strbptrl  <  100  &&  nottop  =-l  && 
optndx  >  100) 

{ 

optndx  =  0 ; 
nottop  =  0; 
strobecnt++; 

} 

if (*strbptrl  <  -ICO) 
nottop  =  1; 

if ( (ndata_bytes  !=  &&  nstrb_bytes  !=  0)) 

{ 

Atoptndxl  =  Atoptndxl  +  databuf [datandxl ; 

optndx++; 

datandx++; 

stbndx++; 

strbptrl++; 

} 

/*  end  while  */ 

for (i  -  0;  i  <  BUFFSIZE;  i++) 

A[i]  =  Atil/strooecnt; 

/*This  section  writes  the  summed  array  out  to  the  output  file 
and  closes  out  the  pointers.  It  then  calls  up  tne  plot  program 
and  querries  whether  the  operator  wants  to  sum  another  file.*/ 

write (fpout , A, (120*4) ) ; 
close (fpdata) ; 
close (f pstrb) ; 
close (fpout) ; 

printf ( "Plotting  the  output  file  \n")  ; 

strcat (BTOA,data_out_f  ile)  ; 
strcat (BTOA, "  >tempf iie\n") ; 
system (BTOA) ; 
system(systemtext) ; 
strcpy (data_out_f lie, blanks)  ; 
strcpy (BTOA, "btoa" )  ; 
for (i=0; i<BUFFSiZE; i++) 

A  t i ]  =  0; 
strooecnt  =  0; 

printf ("Wouldyou 1 ike  tosumanother f ile???  1=Y  or  2=N\n\n") 
scanf ( "%d" ,& j ) ; 
if  ( j  ==-  2) 

DONE  =  1; 
else 

DONE  =  0; 

)  /*end  wniie*/ 

}  /*end  main*/ 
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exit  (1) ; 

} 

} 

else 

{ 

printf ( "Strob  file  is  empty\n") ; 
exit (1) ; 

} 

nottop  =  0;  /*must  be  at  the  top  of  a  strobe  or  findstrb  would 
have  returned  a  -1  and  then  exit  oefore  here*/ 

/♦This  section  reads  in  a  buffer  of  the  data  file  and  set  the 
datandx  to  the  stbndx  so  that  the  data  corresponds  to  the 
first  strobe  pulse.*/ 

ndata_bytes  =  read (fpdata,databuf ,  (FLBUFSIZE  *  2)); 

datandx  =  stondx; 

strbptrl  =  b.  (strbbuff  [stbndx] )  ; 

printf ("\n\n  Starting  summations.  Please  wait.\n"); 

/*  Here  begins  a  while  loop  which  continues  as  long  as  there  is 
data  in  the  strobe  file  and  the  data  file  to  read,  or  until 
strobecnt  is  equal  to  the  number  of  iterations  specified.*/ 

while  (ndata_bytes  >  0  &&  nstrb_oytes  >  0  &&  strobecnt  <  iters) 
{ 

/♦test  to  see  if  need  to  read  more  data*/ 
if (datandx  >=  (ndata_oytes/2) ) 

{ 

ndata_bytes  =  read (fpdata,databuf , (FLBUFSIZE  *  2)); 
datandx  =  0; 

} 

/♦test  to  see  if  need  to  read  more  strobe  file  */ 
if  (stbndx  >=  (nstrb_bytes/2) ) 

{ 

nst rb_byt es-  read(fpstrb , strbbuff ,  (STRBBUFFSIZE*2) ) ; 
strbptrl  =  strbbuff; 
stbndx  =  0; 

} 

/♦This  section  checks  to  find  the  next  strobe  pulse  and  sums 
the  values  in  the  array.  If  a  strooe  pulse  is  not  found, 
the  counters  are  increased  by  1. "optndx"  must  have  advanced  a 
minimum  of  100  data  points  before  it  will  recognize  another 
strooe  puise.  This  tries  to  guarantee  that  no  unusually  high 
noise  is  recognized  as  a  strobe  pulse,  but  it  allows  a 
variation  in  strooe  period.  Once  another  strobe  is  recognized 
"optndx"  is  set  to  0  and  "nottop"  is  set  to  0  signifying  the 
strobe  pulse  top  again.  Once  the  strobe  puise  fails  again, 
"nottop"  is  set  to  1,  signifying  a  low  stat  of  tne  strobe. 
This  is  necessary  to  occur  before  anotner  strobe  pulse  is 
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> 

printf ("\nThe  output  file  name:  "); 

scanf ("%s" t data_out_f ile)  ; 
if((fpout  =  open (data_out_f ile , 1) )  =-  -1) 
fpout  =  creat (data_out_f ile, 0766) ; 
if  (fpout  os  MIKUSOHE) 

{ 

printf ( "Error  in  opening  %s  . \n" ,aata_out_f ile) ; 

exit  (1) ; 

} 

printf ( "\nThe  strobe  file  name:  "); 

scanf ( "% s" ,strob_f ile_in) ; 
if((fpstrb  =  open (strb_f ile_in, 0) )  ==  -1) 

{ 

printf ("Error  in  opening  %s  .\n" , strb_f iie_in) ; 
ex i t ( 1 ) ; 

} 

printf  ("\nIlow  many  iterations  do  you  want?  ") ; 
scanf ( "%a" , liters) ; 

printf ("\nls  the  plot  to  be  printed?  1  Yes  or  2  No  "); 
scanf ( "is" , plotorprint) ; 
if (plotorprint (0 1  ==  ’l') 

( 

strcpy (systemtext , PRINTTEXT) ; 

} 

else 

{ 

strcpy (systemtext, SCREENTEXT) ; 

} 

/*Tnis  section  initializes  the  variabxes  wnich  need  to  be*/ 

stbndx  =  0; 
datandx  =  0; 
optndx  -  0 ; 

A (BUFFS I ZE]  =  0; 
strobecnt  =  0; 

/*This  section  reads  in  a  buffer  of  the  strobe  file  and  calls 
a  subroutine  'findstrb'  to  locate  tne  first  strobe.  If  no 
strooe  values  are  found  or  if  the  file  is  empty,  the 
appropriate  response  is  given  and  tne  program  is  exited.  If  a 
strooe  is  founa,  'nottop'  is  set  to  0  to  indicate  tnat  we  are 
at  the  top  of  tne  strooe.  'findstrb'  also  returns  with  the 
stbndx  set  to  a  number  so  we  know  wnen  the  first  strooe 
begins.*/ 

if ( (nstrb_bytes  -  read (f pstrb,strbbuf f , (STRBBUFFSIZE*2) ) )  >  0) 

{ 

if ((stbndx  =  f indstrb (strbbuf f ) )  =~  -1) 

{ 

printf ("No  strobe  in  strooe  file\n"); 


Varisum.c  Program 


/*This  program  does  the  same  thing  as  the  strobesum.c  program 
above,  except  it  allows  the  operator  to  specify  how  many 
summations  he/she  desires  it  to  perform,  and  plots  the  output 
as  usual*/ 

/*This  section  defines  or  deiares  all  variables*/ 

([include  <stdio.n> 

#def ine  FLBUFSIZE  125 

#def ine  BUFFSIZE  125 
Sdefine  STRBBUFFSI2E  FLBUFSXZE*2 
#def ine  KINUSOHE  (-1) 

([define  PRIMTTEXT  "plotp  -YIPtempfile  -xnlOO  -g  lmxd\n" 
([define  SCREEMYEXT  "plotp  -YIPtempfile  -xlOG  -g  lmmd\n" 

char  systentext [50]  ; 

char  BYOAI50]  =  {"otoa 

char  plotorprint [2 ] ; 

char  blanks  [30]  =  {" 

int  i ,  j  ,DOKE,  stbnux  ,datandx  ,optndx; 

int  nstrb_bytes,ndata_oytes; 

int  A  [BUFFSIZE]  «  0; 

short  strbbuff [STRBBUFFSISE]  ; 

static  short  aataouf [FLBUFSIZE]  ; 

int  fpstrb, fpdata, fpout; 

char  data_in._f  lie  [30]  ,data__out_f  ile  [30] ; 

char  strb_f ile_in [30] ; 

short  *strbptri,  stroptr2; 

int  nottop;  /*if  a  1  at  neg  of  strobe,  0  means  at  top  of 

strobe*/ 

int  strobecnt 
int  iters; 

main ( ) 

[ 

while  (DOME  ==0 ) 

{ 

/*Tnis  section  queries  the  operator  as  to  which  files  should 
be  opened  or  created,  and  tnen  opens  or  creates  them. Error 
messages  are  given  if  an  incorrect  response  is  given  and  then 
the  program  exits. This  section  also  queries  the  operator  if 
the  output  plot  is  to  oe  sent  to  the  printer.*/ 

printf ("\nPiease  name  Existing  binary  input  fiie  name:  "); 

scanf  ( %s"  ,data_in_f  ile)  ; 
fpdata  =  open(data_in_fiie,0) ; 
if  (fpdata  MILUSOLE) ' 

[ 

printf ("\nError  in  opening  %s  .\n" ,data_xn_f ile)  ; 
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scanf ("%d” ,& j) ; 
if ( j  ==  2) 

DONE  =  1; 
else 

DONE  =  0; 

}  /*end  while*/ 
}  /*end  main*/ 


/*This  is  the  subroutine  which  is  called  to  find  the  first 
strobe  pulse.  It  tnen  returns  to  the  main  program  with  the 
pointer  set.*/ 

int  f indstrb (strobuf f ) 
snort  strobuffN; 

{ 

int  i ,  j  ; 

short  *bpl,  *bp2; 
bpl  =  strbbuff; 
for ( j=0; j<STRBBUFFSIZE; j++) 

{ 

if (*bpl  >  -100  &&  *bpl  <  100) 

{ 

return( j) ; 

} 

bpl++; 

}  /*end  for  loop*/ 
return (-1) ; 

}/*end  f indstrb*/ 


strobe  pulse.  This  tries  to  guarantee  that  no  unusually  high 
noise  is  recognized  as  a  strobe  pulse,  but  it  allows  a 
variation  in  strooe  period.  Once  anotner  strobe  is  recognized 
"optndx"  is  set  to  0  and  "nottop"  is  set  to  0  signifying  the 
strobe  pulse  top  again.  Once  the  strooe  pulse  falls  again, 
"nottop"  is  set  to  1,  signifying  a  low  stat  of  the  strobe. 
This  is  necessary  to  occur  before  anotner  strooe  puise  is 
recognized . */ 

if(*strbptrl  >  -100  &&  *strbptrl  <  100  &&  nottop  =  =  1  && 
optndx  >  100) 

{ 

optndx  =  0; 
nottop  =  0; 
strobecnt++; 

} 

if (*strbptrl  <  -100) 
nottop  =  1; 

if ( (ndata_bytes  !=  &&  nstrb_bytes  !=  0)) 

{ 

Aloptndx]  =  Atoptndxl  +  databuf [aatandx] ; 

optndx++; 

datandx++; 

stbndx++; 

strbptrl++; 

} 

/*  end  while  */ 

ford  =  0;  i  <  BUFFS I 2D;  i++) 

A  [  i  ]  =  Ad] /strobecnt ; 

/♦This  section  writes  the  summed  array  out  to  the  output  file 
and  closes  out  the  pointers.  It  then  calls  up  tne  plot  program 
and  quernes  whether  tne  operator  wants  to  sum  another  file.*/ 

write(fpout,A, (120*4) )  ; 
close (fpuata) ; 
close (fpstro) ; 
close (fpout) ; 

printf ( "Plotting  the  output  file  \n"); 

strcat (ETOA,data_out_f ile)  ; 
street (ETOA, "  >tempf iie\n")  ; 

system (BTOA)  ; 
system(systemtext) ; 
strepy (oata_out_r lie ,oianks) ; 
strepy (DTOA, "btoa")  ; 
for ( i-0 ; 1<DUFFS12E; 1++) 

A  (i ]  =  0  ; 
strobecnt  =  0; 

printf  ("Wouldyoul  iice  tosumanotiier  f  ile???  1  =  Y  or  2  =  iJ\n\n") ; 


stbndx  set  to  a  number  so  v/e  know  when  the  first  strobe 
begins.*/ 

if  ( (nstrb_bytes  =  read(fpstrb,strbbuff ,  (STRB13UFFSIZE*2) ) )  >  0) 
{ 

if ((stbndx  =  f indstrb (strbbuf f ) )  ==  -1) 

{ 

printf ("Ho  strooe  in  strooe  file\nn); 
exit (1) ; 

> 

} 

else 

{ 

printf ("Strob  file  is  empty\n"); 
ex i t  ( 1 )  ; 

} 

nottop  =  0;  /*must  be  at  the  top  of  a  strooe  or  findstrb  v/ould 
have  returned  a  -1  and  then  exit  before  here*/ 

/*This  section  reads  in  a  buffer  of  the  data  file  and  set  the 
datandx  to  the  s tbndx  so  that  the  data  corresponds  to  tne 
first  strobe  pulse.*/ 

ndata_bytes  =  read (fpdata,databuf / (FLBUFSIZE  *  2)); 

datandx  =  stbndx; 

stroptrl  =  £<  (strobuff  [stbndx] )  ; 

printf ("\n\n  Starting  summations.  Please  wait . \n" ) ; 

/*Ilere  begins  a  v/hile  loop  which  continues  as  long  as  there  is 
data  in  the  strobe  file  and  the  data  file  to  read.*/ 

while  (ndata_bytes  >  0  &&  nstrb_bytes  >  0) 

{ 

/*test  to  see  if  need  to  read  more  data*/ 
if (datandx  >=  (ndata_bytes/2) ) 

{ 

ndata_byces  =  read (f pdata,dataouf , (FLBUFSIZE  *  2)); 
datandx  =  0; 

} 

/*test  to  see  if  need  to  read  more  strobe  file  */ 
if (stbndx  >=  (nstrb_bytes/2) ) 

{ 

nst  rb_byt  es=  read  (f  pst rb, s  t rbbuf  f ,  (SThBBUFFSIZE*2) ) 
strbptrl  =  strobuff; 
stbndx  =  0; 

} 

/*This  section  checks  to  find  the  next  strobe  pulse  and  suras 
the  values  in  the  array.  If  a  strobe  pulse  is  not  found, 
the  counters  are  increased  by  1. "optndx"  must  have  advanced  a 
minimum  of  100  data  points  oefore  it  will  recognize  another 


messages  are  given  if  an  incorrect  response  is  given  and  then 
the  program  exits. This  section  also  queries  the  operator  if 
the  output  plot  is  to  be  sent  to  the  printer.*/ 

printf ( "\nPIease  name  Existing  binary  input  file  name:  "); 

scanf ( "%s" ,data_in_f ile)  ; 
fpdata  =  open (data_in_f iie,0) ; 
if  (fpdata  ==  tllNUSONE)  ' 

{ 

printf ("\nError  in  opening  %s  .\n" ,data_in_f ile) ; 
exit  (1); 

} 

printf ( "\nThe  output  file  name:  ">; 

scanf ( "%s" ,data_out_f ile)  ; 
if((fpout  =  open (data_out_f ile,l) )  ==  -1) 
fpout  =  creat (data_out_f ile , 0766)  ; 
if  (fpout  ==  HINUSOiJE) 

{ 

printf ( "Error  in  opening  %s  . \n" ,data_out_f ile) ; 
exit  (1) ; 

} 

printf ( "\nThe  strobe  file  name:  "); 

scanf ( "%s" ,strob_f iie_in) ; 
if((fpstrD  =  open (strb_f ile_in,0) )  ==  -1) 

{ 

printf ("Error  in  opening  %s  ,\n" ,strb_f iie_in) ; 
exit (1) ; 

} 

printf ( "\nls  the  plot  to  be  printed?  1  Yes  or  2  No  "); 
scanf ( "%s" ,piotorprint) ; 
if (plotorprint [0]  ==  '1') 

{ 

strcpy ( systemtext , PRIUTTEXT) ; 

} 

else 

{ 

strcpy ( sys temtex  t , SCREENTEXT) ; 

> 

/♦This  section  initializes  the  variables  which  need  to  be*/ 

stbndx  -  0; 
datandx  =  0 ; 
optndx  =0; 

AfEUFFSIZEJ  =  0; 
strobecnt  =  0; 

/♦This  section  reads  in  a  buffer  of  the  strobe  file  and  calls 
a  subroutine  'findstrb'  to  locate  the  first  strobe.  If  no 
strobe  values  are  found  or  if  the  file  is  empty,  the 
appropriate  response  is  given  and  the  program  is  exited.  If  a 
strobe  is  found,  'nettop'  is  set  to  0  to  indicate  that  v/e  are 
at  the  top  of  the  strooe.  'findstrb'  also  returns  with  the 


D-ll 


Strobesum.c  Program 
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/*This  program  inputs  two  files,  a  strobe  file  and  a  data 
file,  then  produces  an  output  summation  file.  The  summation  is 
triggered  by  tne  strobe  pulse  in  the  strobe  file  and  the 
output  is  written  from  the  addition  buffer.  Tne  program  will 
then  plot  the  summed  file  to  either  the  screen  or  the  printer. 
This  program  looks  for  a  strobe  that  is  unique.  The  algorithm 
is  based  on  a  strooe  that  is  negative  at  'off'  state  ana  then 
goes  to  +100  or  -100  within  zero  to  show  a  strobe  has  occured. 
The  presence  of  a  leading  data  point  within  this  range 
triggers  trie  aigoritnm  to  start  summing  the  data  at  the  zero¬ 
th  element  in  the  output  buffer. 

If  a  different  strobe  is  to  be  used,  it  must  first  be  clearly 
identified  as  to  its  digitized  values.  This  program  can  then 
be  modified  so  that  it  will  recognize  the  leading  edge  of  the 
strobe.*/ 


/*This  section  defines  or  delares  all  variables*/ 

^include  <stdio.n> 

#def ine  FLBUFSIZE  125 

^define  BUFFSIZE  125 
Sdefine  STRBBUFFSIZE  FLBUFSIZE*2 
Sdefine  KIUUSONE  (-1) 

[[define  PRINTTEXT  "piotp  -YIPtempfiie  -xhlOO  -g  lmxd\n" 
[[define  SCREENTEXT  "piotp  -YIPtempfiie  -xlOO  -g  I mmd\n" 


char  systemtext [50 ] ; 

char  BTOA[50]  =  {"btoa 

char  plotorprint 12]  ; 

char  blanks [30]  =  {" 

int  i , j , DONE , stondx ,aatandx ,optndx; 

int  nstrb_bytes,ndata_oytes; 

int  A [BUFFS I ZE]  =  0; 

short  strbbuff [STRBBUFFSIZE] ; 

static  short  dacaouf [FLBUFSIZE]  ; 

int  fpstrb,fpdata,fpout; 

char  aata_in_f ixe [30] ,data_out_f iie [30]  ; 

char  stro_f ile_in [ 30 ] ; 

siiort  *stroptrl,  strbptr2; 

int  nottop;  /*if  a  1  at  neg  of  strobe,  0  means  at  top  of 

strobe*/ 


int  strobecnt 


main  ( ) 

{ 

while  (DONE  ==0 ) 

{ 

/*This  section  queries  tiie  operator  as  to  which  files  should 
be  opened  or  created,  and  tnen  opens  or  creates  them. Error 
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control [7]  =  -minimum); 
maximum  +=  control [7]; 

/*  scale  data  to  y  axis  */ 
if  (maximum  >  yt  ) 

{ 

control  [9]  =  maximum/yt;  /*  scale  down  */ 
if  ((maximu  %  yt)>0)  control [9]  ++; 

> 

else 

control [8]  =  yt/maximum;  /*  scale  up  8  */ 

)  /*  end  scale_data  */ 

/***************************************************************/ 

int  f indmax(gpbuf f / count) 
short  *gpbuff; 
int  count; 

{ 

short  shortmax; 
int  k, returnval; 

shortmax  -  gpbufftO); 
for(k  =  0;  k  <  count;  I<  +  +  ) 

{ 

if(gpbufftk]  >  shortmax) 
shortmax  =  gpbuff(k); 

} 

returnval  =  shortmax; 
return (returnval) ; 

}  /*  end  findmax  */ 

/***************************************************************/ 

int  findmin(gpbuff  ,count) 
short  *gpbuf£; 
int  count; 

( 

short  shortmin; 
int  m/returnmim; 
shortmin  =  gpbufflOJ; 

for  (m=0;m<count;m-i-+) 

{ 

if(gpbuff[ml  <  shortmin) 
shortmin  =  gpouiffm]; 

} 

returnmim  -  snortmim; 
return ( returnmim) ; 

}  /*  end  findmin  */ 

/********** ************En D  OF  FILE*  *********  *  ******************* 
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MASSCQHP  HC-5QP  Specifications  and  Capabilities 


Specifications 

Processing  elements:  A  10-MHz  68010  CPU  and  a  10-MHz 
68000,  the  latter  handling  page  faults  in  virtual  memory  while  the 
former  executes  another  program.  The  CPU  has  a  4-kbyte  cache, 
a  1024-element  translation  buffer,  a  1024-entry  I/O  map,  and 
three  serial  lines. 

An  optional  FP-501  floating  point  processor  performs  single- 
and  double-precision  arithmetic  and  holds  16  sets  of  32  double¬ 
precision  (64-bit)  registers. 

An  optional  AP-501  array  processor  executes  single-  and 
double-precision  floating-point  vectors,  locally  stores  32-bit  ele¬ 
ments,  incorporates  a  68000  that  moves  data  to  and  from  virtual 
memory,  and  requires  the  FP-510  for  double-precision  tasks. 
Memory:  1  Mbyte  (Minimum),  6  Mbytes  (maximum);  up  to  16 
Mbytes  of  virtual  memory  per  process. 

Mass  storage:  A  1-Mbyte  floppy-disk  drive,  a  40-Mbyte  (for¬ 
matted)  Winchester  disk  drive,  and  a  45-Mbyte  ’/4-in.  tape  car¬ 
tridge  (all  optional). 

Network:  An  optional  plug-in  Ethernet  controller  and  supporting 
software. 

Backplane:  8-slot  enhanced  Multibus  with  transfer  rate  of  6 
Mbytes/s;  eight  alphanumerical  terminals  can  be  attached  through 
backplane. 

Porta:  Three  serial  lines  through  CPU. 

Graphics:  Two  19-in.  terminals  (optional)  attached  through  Multi¬ 
bus,  each  with  its  own  68000  and  128-kbyte  program  storage. 

The  monochrome  version  displays  1024  by  800  pixels,  the  color 
unit  832  by  600  pixels  by  6  or  10  bit  planes.  Each  has  60-Hz  non¬ 
interlaced  refreshing  and  a  117-element  keyboard;  a  mouse  (or 
puck)  and  tablet  are  optional. 

Operating  system:  The  real-time  RTU  with  virtual  memory  is  com¬ 
patible  with  the  source  code  of  Unix  System  III  and  of  Berkeley 
4.2  Unix  and  includes  communications,  text-processing,  and  sup¬ 
port  utilities;  editors;  source-code  control  system;  and  Bourne  and 
C  shells. 

Programming  languages:  Fortran  77,  C,  and  Pascal. 

Minimum  OEM  configuration:  CPU,  power  supply,  1  Mbyte  of 
RAM,  8-slot  backplane,  and  cabinet. 


From  Electronic  Design,  volume  32;  July  26, 


1984;  page  112. 
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The  follov/ing  section  is  based  on  "Designing  For  High  Performance 
Data  Acquisition/"  Computer  Design.  September  1983. 

HASSCOMP's  HC-500  is  a  32-bit  Unix-based  mini-computer 
system  built  for  realtime  scientific  and  technical  applica¬ 
tions.  The  system  architecture  distributes  the  processing 
load  among  three  dedicated  subsystems  that  perform  high  speed 
computation/  graphics  display/  and  data  acquisition  (Fig  F-l). 


Figure  F-l.  HASSCOMP's  fIC-500  Architecture  (5:2) 

These  subsystems  are  linked  by  three  high  speed  buses:  a 
proprietary  bus  links  the  main  central  processing  unit  (CPU) 
with  physical  memory  storage;  Intel's  Multibus  connects  system 
peripherals  to  the  graphics  display  processors;  and  twin  STD 
buses  channel  data  oetween  the  system  and  user  input/output 
(I/O)  devices. 
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The  data  acquisition  and  central  processor  (DA/CP)  allows 
the  MC-500  to  collect  realtime  data.  The  DA/CP  is  a  frontend, 
user-programmable,  data  acquisition  controller  and  allows 
input  or  output  analog  or  digital  data  at  rates  up  to  2  M 
bytes/s.  When  coupled  with  an  analog  input  interface,  the 
DA/CP  enables  the  minicomputer  to  acquire  analog  data  at  a  1M, 
12-bit  sample/s  rate.  The  HC-500  also  features  a  continuous 
2M-bytes/s  transfer  rate  from  an  analog  to  digital  (A-D) 
converter  to  HC-500  memory. 

Clock  Control 

The  DA/CP  uses  2901  bit-slice  chips  for  its  data  path, 
and  2911  chips  for  its  program  sequencer.  Usually,  bit-slice 
based  processors  have  wide  instructions  to  simultaneously 
control  the  sequencer  and  the  data  path.  Instructions  ranging 
from  64  to  over  100  bits  are  common.  However,  the  DA/CP  has  a 
narrow  instruction  width  of  only  40  bits,  and  includes  instruc¬ 
tions  for  controlling  the  data  path  and  the  sequencer.  This 
approach  results  in  a  compact  instruction  set.  HOVE  class 
instructions  control  the  data  path  and  cause  the  sequencer  to 
increment  the  program  counter.  BRANCH  class  instructions 
control  the  sequencer  in  program  jumps  based  on  the  previous 
MOVE  instructions. 

While  the  narrow  instruction  width  saves  program-store 
random  access  memory  (RAH)  space,  this  savings  could  easily  be 
lost  in  decoding  MOVE  and  BRANCH  instructions  from  the  same 
bits.  The  clocking  scheme  simplifies  decoding  and  also  reduces 
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gate  delays  in  decoding  instructions  and  achieves  125-ns  exe¬ 
cution  times  for  all  DA/CP  instructions. 

The  DA/ CP's  clock  control  circuitry  is  shown  in  FigF-2(a), 
while  Fig  F-2(b)  illustrates  the  specifics  of  clock  timing.  The 


8-MHi  CLOCK 


SEQUENCER 

CLOCK 

ENABLE 


INSTRUCTION 

REGISTER 

CLOCK 

ENABLE 


CLOCK 


(a) 


125  ns 

SEQUENCER 

CLOCK 

1 

•UJ 

CLOCK 

. 

ALU 

BRANCH 

ALU 

INSTRUCTION 

INSTRUCTION 

■NSTRUCTION 

<W 


Figure  F-2.  Clock-control  Circuitry  (5:2) 

arithmetic  logic  unit  (ALU)  clock  enable  signal  is  represented 
by  1  bit  of  the  HOVE/BR  instruction.  When  set,  this  bit 
enables  the  2901's  internal  clock.  The  rest  of  the  MOVE/BR 
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Figure  F-3.  Data  Storage  (5:3) 


All  MOVE  class  instructions  allow  merge  operations  on  the 
input  bus  to  the  ALU.  The  2-byte  wide  input  registers  can  put 
data  on  lo w  byte,  mid  byte,  or  both  ,  while  a  data-store 
location  provides  the  other  input  bus  bytes.  The  merge  opera¬ 
tion  is  useful  for  assembling  bytes  from  an  STD  bus  module 
into  words  in  the  data-store  before  sending  them  to  system 
memory.  For  example,  all  12-bit  A-Ds  on  the  STD  bus  (exc 
Masscomp's)  transfer  data  1  byte  at  a  time.  An  STD  bus  read 
operation  can  put  1  byte  in  the  data  store,  and  the  next  read 
can  merge  that  byte  with  the  rest  of  the  data  from  the  STD  bus 
input  register  on  the  input  bus. 


All  MOVE  instructions  can  write  selected  bytes  of  a  data 
store  location  while  writing  the  output  registers  on  the 
output  bus.  This  feature  improves  the  performance  of  some 
common  DA/CP  operations.  For  example,  a  Multibus  direct  memory 
access  (DMA)  address  kept  in  the  data  store  can  be  updated  and 
returned  to  the  data  store  in  the  same  instruction  that  writes 
it  to  an  output  register  for  use  in  a  DMA.  The  DA/CP  also  has 
shift  and  rotate  operations  on  byte,  word,  and  gulp  data 
types. 

Although  all  MOVE  class  instructions  produce  a  24-bit 
result  in  the  ALU,  test  condition  in  the  BRANCH  instructions 
exist  for  the  byte  data,  word  data,  and  the  full  24-bit  gulp. 
Arithmetic  tests  fall  into  two  groups:  unsigned  integer  tests, 

U)  <  and  tests  on  2's-complement  signed  data.  Full  24-bit  arithme¬ 
tic  is  only  done  on  Multibus  addresses  for  DMA.  Since  these 
are  not  signed  numbers,  the  tests  provided  are  for  unsigned 
integers.  Word  data  can  be  unsigned  integers,  like  those  from 
a  16-bit  digital  I/O  device,  or  2's-complement  data  from  a 
biploar  A-D  converter.  Therefore,  a  set  of  signed  and  unsigned 
data  tests  are  provided  for  word  data.  All  the  unsigned 
integer  tests  and  several  of  the  signed  data  tests  are  pro¬ 
vided  for  byte  data.  B RANCH -IF -TRUE  and  BRANCH- IF-FALSE  in¬ 
structions  exist  for  ail  the  tests.  There  are  32-aritnmetic 
test  conditions  in  all. 

Addressing 

The  DA/CP  has  a  lK-instruction  program  store  and  a  separate, 
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256-iocation  data  store.  Direct  addressing  allows  a  BRANCH 
class  instruction  to  jump  to  any  location  in  the  program  store 
and  a  MOVE  instruction  to  access  any  location  in  the  data 
store. 

Moreover  the  DA/CP  has  an  indirect  addressing  mode  that 
uses  the  contents  of  a  data  store  location  as  a  BRANCH  ad¬ 
dress.  Changing  the  contents  of  this  data-store  location 
alters  the  program  flow.  This  feature  is  useful  for  elimina¬ 
ting  code  from  a  program  loop  after  it  is  no  longer  needed. 
For  example,  a  routine  can  include  code  to  test  input  data  for 
a  threshold  crossing.  Once  the  threshold  is  detected,  changing 
the  value  in  the  data-store  location  that  was  used  to  jump  to 
that  location  eliminates  the  threshoid-detect  code  from  the 
routine.  This  yields  faster  code  than  using  a  threshoid- 

detect  flag  bit  that  is  tested  every  pass  through  the  routine 

to  determine  if  the  threshoid-detect  code  snould  be  invoked. 

In  addition,  DA/CP  features  indirect  data  addressing  in  the 
data  store.  A  pointer  register  on  the  output  bus  can  be 

loaded  with  a  vaiue  and  its  contents  can  be  used  as  the  data 

store's  address  source  in  subsequent  MOVE  instructions.  This 
feature  is  useful  for  implementing  ring  buffers  in  the  data 
store.  A  block  of  data-store  space  is  allocated  for  the 
buffer,  and  a  load  address  and  an  unload  address  are  also  kept 
in  the  data  store.  When  data  are  put  into  the  ring  buffer, 
the  load  pointer  is  moved  into  the  pointer  register  and  used 
to  address  the  data  store  for  the  load.  The  address  is  incre¬ 
mented  and  saved  for  the  next  load.  The  same  process  is  done 


for  unloading  the  ring  buffer.  For  nigh  speed  data  output 
devices,  it  is  necessary  to  compensate  for  normal  Multibus 
latency  by  prefetching  some  data  into  a  ring  buffer. 

The  DA/CP  has  also  eliminated  interrupt  service  overhead 
by  overlapping  it  with  useful  instructions  and  maintaining  an 
interrupt-disable  default  condition.  This  interrupt  means  no 
overhead  penalty  for  multitasking  data  acquisition. 
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APPENDIX  G 


Integrated  Circuit  Specifications 


OPERATIONAL  AMPLIFIERS 


MC1748G 

MC174SCG 


HIGH  PERFORMANCE  MONOLITHIC 
OPERATIONAL  AMPLIFIER 

.  .  designed  for  use  as  a  summing  amplifier  int'-grator.  or  amplifier 
with  operating  characteristics  as  a  function  of  the  c«  ter  naf  feedback 
components. 

•  Noncompensated  MCI 741G 

•  Single  30  pF  Capacitor  Compensation  Required  F  or  Unity  Gam 

•  Short-Circuit  Protection 

•  Offset  Voltage  Null  Capability 

•  Wide  Common  Mode  and  Differential  Voltage  Ranges 

•  Low  Power  Consumption 

•  No  Latch  Up 


OPERATIONAL  AMPLIFIER 
INTEGRATED  CIRCUIT 

MONOLITHIC 
SILICON  EPITAXIAL 
PASSIVATED 


METAL  PACKAGE 
CASE  601 


FIGURE  1  -  POWER  BANDWIDTH 
(LARGE  SIGNAL  SWING  v«rso*  F  REQUENCY) 


2,  — Li-tiUd— — - i 

:  hit. 


1  (VOLTAGE FO.LOAE"! 

tIS  VCl?  SllWt'ES  •' — 
!  I  THD  <■  S\ 

40  — '  :0pF 

J  !  : ; "  •  I  j  •  i 

.  i  i !  i ' 1,1  I 


FIGURE  3  -  CIRCUIT  SCHEMATIC 


FIGURE  4  -  OFFSET  ADJUST  ANO 
FREQUENCY  COMPENSATION 
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MAXIMUM  RATINGS  (TA  =  *25°C  unless  otherwise  noted) 


Rating 

Symbol 

MC1748G 

MC1748CG 

Unit 

Power  Supply  Voltage 

V* 

♦22 

♦18 

Vdc 

V" 

-22 

-18 

— 

Differential  Input  Signal 

Vm 

• 

30 

Volts 

* 

Common  Mope  input  Swing 0 

CMV,„ 

±15 

Volts 

Output  Short  Circuit  Djrat'On 

*s 

Continuous 

•J 

Power  Dissipation  (Package  Limitation) 

1*0 

680 

mW 

Derate  above  T  a  •  ♦  25°C 

4  6 

mW/°C 

Operating  Temperature  Range 

Ta 

-55  to  *125 

Oto  *75 

°C 

Storage  Temperature  Range 

Tstg 

-65  to  ♦  150 

-65  to  ♦  150 

°C 

_ 

ELECTRICAL  CHARACTERISTICS  IV*  *  1-15  Vdc.  V  =  -IS  Vdc,  Ta  =  -25°C  unless  otherwise  noted} 


Characteristics 

Symbol 

MC1748G 

MC1748CG 

Unit 

.4 

Min 

Typ 

Max 

Mm 

Typ 

Max 

Input  Bias  Current 

>b 

mA4c 

T*  •  -28°C 

- 

008 

0.5 

- 

0  08 

0.5 

T A  =  T low  t0  ^high  © 

- 

03 

1.5 

- 

- 

08 

Input  Offset  Current 

ll.ot 

uAdc 

— 

Ta  *  *2S°C 

- 

002 

02 

- 

0.02 

0.2 

• 

“  T  tow  to 

- 

0.08 

0.5 

- 

" 

0.3 

Input  Offset  Voltage  (Rg  <;  10  It  II) 

IV,  ol 

mVdc 

Ta  ■  *2S°C 

- 

1.0 

5.0 

- 

1.0 

6.0 

”  T|OW  tO  T^,,gf, 

- 

- 

6.0 

- 

- 

7.5 

Differential  Input  Impedance  1  Open- Loop,  f  3  20  Hz) 

Parallel  Input  Resistance 

% 

03 

2.0 

- 

0  3 

2.0 

- 

Megohm 

Parallel  Input  Caoacitance 

- 

1.4 

- 

- 

14 

- 

pF 

1 

Common  Mode  Inout  impedance  If  -  20  Hz) 

^lm) 

- 

200 

- 

- 

200 

Megohms 

Common-Mode  Input  Voltage  Swing 

CMV,„ 

♦12 

♦13 

- 

±12 

♦  13 

- 

Vpk 

Common-Mode  Reiect'On  Ratio  If  *  100  H;i 

CM,,, 

70 

90 

- 

70 

90 

- 

dB 

, 

Open-Loop  Voltage  Gam,  1 VQ  =  ♦  10  V.  R|_  :  2  0  k  ohms) 

AVOL 

V/V 

TA  ■  *25°C 

50,000 

200,000 

- 

20.000 

200.000 

- 

Ta  *  Tlow  >“  Th.oh 

25,000 

- 

- 

15,000 

- 

- 

Step  Response  (V,n  -  20mV.  Cc  -  30pF.  •  2kii.  Cj_  a  100  pF) 

** 

J 

Rise  Time 

*r 

- 

03 

- 

- 

0.3 

MS 

i 

Overshoot  Percentage 

- 

50 

- 

- 

50 

- 

Slew  Rate 

«JVout/dt 

- 

08 

- 

- 

08 

- 

V'us 

Output  Impedance  (f  =  20  Hzl 

^Out 

- 

75 

- 

- 

75 

- 

ohms 

Short-Circuit  Output  Current 

•sc 

- 

25 

- 

- 

25 

- 

m  A  dc 

Output  Voltage  Swing  I  RL  “  10k  onrml 

Vo 

±12 

±14 

- 

±12 

1  14 

- 

Vpk 

Rl  3  2  k  Ohms  i  T  A  *  T .0w  to  rh,gh> 

±10 

±13 

- 

♦10 

♦13 

- 

Power  Supply  Sensitivity 

»|V/V 

£ 

V"  •  constant,  R,  ^  10  k  ohms 

s^ 

- 

30 

150 

- 

30 

150 

B 

V*  •  constant^  Rf  <  to  k  ohms 

s- 

- 

30 

150 

- 

30 

150 

Power  Supply  Current 

'o' 

- 

1  67 

2  83 

- 

1  67 

?  83 

mAdc 

", 

‘o' 

- 

1  67 

2  83 

- 

1  67 

2  83 

DC  Quiescent  Power  Dissipation 

PD 

mW 

O 

0 

> 

- 

50 

_ 

85 

- 

50 

85 

‘‘ 

©r  or  supply  voltages  lass  than  *15  V,  tha  Miminum  Input  Voltage  itaquat  to  tha  Supply  Voltaga 

@T,0„  Q°C  tor  MC  t  748CG 
-S5°C  for  MC  t  748G 
Th.fh  ♦75°C  for  VC1748CG 
♦ 125°C  for  MCI  748G 
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/  MC1741S 
MC1741SC 


OPERATIONAL  AMPLIFIERS 


HIGH  SLEW-RATE  INTERNALLY-COMPENSATED 
OPERATIONAL  AMPLIFIER 

The  MCI 741S/MC1 741  SC  is  functionally  equivalent,  pin  com¬ 
patible,  and  possesses  t  .e  same  ease  of  use  as  the  popular  MCI 741 
circuit,  yet  offers  20  times  higher  slew  rate  and  power  bandwidth. 
This  device  is  ideally  suited  for  D  to-A  converters  due  to  its  fast 
settling  time  and  high  slew  rate 

•  High  Slew  Rate  -  10  V/ps  Guaranteed  Minimum  (for  unity  gain  only) 

•  No  frequency  Compensation  Required 

•  Short  Circuit  Protection 

•  Offset  Voltage  Null  Capability 

•  Wide  Common  Mode  and  Differential  Voltage  Ranges 

•  Low  Power  Consumption 

•  No  Latch  Up 


TYPICAL  APPLICATION  OF  OUTPUT  CURRENT  TO 
VOLTAGE  TRANSFORMATION  FOR  A  D  TO  A  CONVERTER 


l.3 


Theoretical  Vo 

Vref 

VO'jf.Bol 


OPERATIONAL  AMPLIFIER 

SILICON  MONOLITHIC 
INTEGRATED  CIRCUIT 


AJ^AJ  A«  A5  A6  A?  AS 
«  8  Ts  32  64  *l7s  Vs 6 


Settling  lime  to  withm  1.'2  ISB  M9  5  mV)  is  approti 
melfly  40  from  he  time  that  jil  o>ts  re  switched 
•The  valve  of  C  ma*  be  selected  to  minimise  overshoot 
end  ringing  (C  ^  ISO  pf ) 


Adjust  Vref.  R 1  or  Ro  so  that  Vg  with  all  digital  inputs  at  high  level 
is  equal  to  9  961  volts 

,  7  V  |)  1  1  1  1  1  i  l  1  f  2551 

Ik  |2  4  8  16  32  64  128  2Se|  ( 2SeJ 


MC1741S  LARGE  SIGNAL  TRANSIENT  RESPONSE 


Pecktging  I nfo'mation  Section  for  O gthfl*  dimensions 


STANDARD  MC1741  versus  MCI 741S  R ESPONSE  COMPARISON 
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SSI  GATES  .  .  .  LOGIC  AND  PIN  ASSIGNMENTS  (TOP  VIEWS) 


03 

QUADRUPLE  2  INPUT 

POSITIVE  NANO  GATES 

WITH  OPEN-COLLECTOR  OUTPUTS 


positive  logic: 
Y-  AB 


See  page  88 


SN5403/SN7403U,  N) 
SN54L03/SN74L03IJ,  N) 
SN54LS03/SN74LS03IJ,  N.  Wl 
SN54S03/SN74S03IJ,  N.  W) 


|04j 

HEX  INVERTERS 


positive  logic: 
Y- A 


See  page  86 


Vcc  u  IV  SA  iV  4A  4V 

TrpTJ 

Pi  Pi  Pi 


IV  IA  »V  C*0  5V  «A  4V 


Ttn-mmnsmLf 

IA  IV  IA  2V  JA  3V  CNO 


w- 

kj 

f>T 

1 A  2V  2A  Vrc  JA  3Y  «A 


SN5404/SN7404(J.  N) 
SN54H04/SN74H04IJ,  N) 
SN54L04/SN74L04U.  N) 
SN54LS04/SN74LS04U.  N.  Wl 
SN54S04/SN74S04(J,  N.  W) 


SN5404/SN7404(W) 

SN54H04/SN74H04(W) 

SN54L04/SN74L041T) 


05 

HEX  INVERTERS 

WITH  OPEN  COLLECTOR  OUTPUTS 


positive  logic: 
Y  -  A 


See  page  88 


*A  IV  SA  JY  4A 


IV  GSO  5V  5A 


{>J  t>J 

|D>°)  [0*1  iD>i 
i!  riinin«n*M<n  >r 

|  f<|  j>|  T 

1  HiHJriiRVH.HTP 

IA  IV  2A  2v  )a  JV  GNO 

SNS405/SN7405IJ.  N) 
SN54H05/SN74H05IJ,  Nl 
SN54LS05/SN74LS05fJ.  N,  Wl 
SN54S05/SN74S05IJ.  N,  Wl 


IA  2V  2A  VCC  JA  JY  4A 

SN5405/SN7405(W) 

SN54H05/SN74H05IW) 


06 

HEX  INVERTER  BUFFERS/DRIVERS 
WITH  OPEN-COLLECTOR 
HIGH  VOLTAGE  OUTPUTS 


positive  logic: 
Y  -  A 

See  pegs  lOf 


VCC  IA  IV  5A  5V  4A  4V 


TijnmniJijLninn 

IA  IV  2A  2V  JA  Jv  GNO 

SN5406/SN7406U,  N,  W) 


ecommended  operating  conditions 


id  -18  mA  tor  SN54LS7SN‘74LS'  and  SN54S7SN74S*. 

SN54H  /SN74H*  and SN54S7SN74S*,  duration  of  short-circuit  should  not  exceed  1  second. 
74  and  54H/74H  parts  data  coded  7332  or  higher. 


AD-A151  699  THE  FIRST  CORTICAL  IMPLANT  OF  A  SEMICONDUCTOR  3, 

MULTIELECTRODE  ARRflV :  CONTI.  .  <U>  AIR  FORCE  INST  OF  TECH 
HRIGHT-PATTERSON  AFB  OH  SCHOOL  OF  ENG I.  . 

UNCLASSIFIED  J  D  COLLIER  ET  AL.  DEC  84  F/G  5/10  NL 


microcopy  resolution  test  chart 

NAIIONAI  BUREAU  OF  STANDARDS  1%}  A 


FLIP  FLOPS  .  .  .  LOGIC  AND  PIN  ASSIGNMENTS  (TOP  VIEWS) 

AMD  GATED  J  K  MASTER-SLAVE  FLIP  FLOPS  WITH  PRESET  AND  CLEAR 
FUNCTION  TABLE 


!  INPUTS 

OUTPUTSl 

PRESET 

CLEAR 

CLOCK 

J 

K 

Q 

Q 

L 

H 

X 

X 

X 

H 

L 

H 

L 

X 

X 

X 

L 

H 

L 

L 

X 

X 

X 

H* 

H* 

H 

H 

JT 

L 

L 

Oo 

oo 

H 

H 

XL 

H 

L 

H 

L 

H 

H 

XL 

L 

H 

L 

H 

H 

H 

JT 

H 

H 

TOGGLE | 

positive  logic:  J  a  K1»K2*K3 


See  pages  120.  124.  and  128 


SNS472/SN7472U.  N) 
SN54H72/SN74H72U.  N) 
SN54L72/SN74L72tJ.  N) 


CK  PR  V  CC  ClR  MC 

SN5472/SN7472(W) 

SN54H72/SN74H72W) 

SN54L72/SN74L72IT) 

NC-No  internal  connection 


*73.  H73.  'L73 
FUNCTION  TABLE 


|  INPUTS 

OUTPUTS 

CLEAR 

CLOCK 

J 

K 

Q  Q 

L 

X 

X 

X 

L  H 

H 

XL 

L 

L 

Qo  Qo 

H 

XL 

H 

L 

H  L 

H 

XL 

L 

H 

L  H 

H 

XL 

H 

H 

TOGGLE 

See  pages  120,  124.  128.  and  130 


DUAL  J-K  FLIP  FLOPS  WITH  CLEAR 


LS73 

FUNCTION  TABLE 


INPUTS 

OUTPUTS 

CLEAR  CLOCK  j  K 

Q  Q 

L  XXX 

L  H 

H  i  L  L 

Qo  Qo 

H  1  H  L 

H  L 

X 

-J 

X 

L  H 

X 

X 

X 

TOGGLE 

|  H  »  X  X 

Qq  Qo 

SN5473/SN7473(J,  N.  W) 
SN54H73/SN74H73U.  N.  W) 
SN54L73/SN74L73U.  N.  T) 
SN54LS73/SN74LS73U.  N.  W) 


OUAL  D-TVPE  POSITIVE  EDGE  TRIGGERED  FLIP  FLOPS  WITH  PRESET  AND  CLEAR 


FUNCTION  TABLE 


INPUTS 

OUTPUTS 

PRESET  CLEAR  CLOCK  0 

Q  Q 

L  H  X  X 

H  L 

H  L  X  X 

L  H 

L  L  X  X 

H*  H* 

X 

X 

X 

H  L 

-i 

X 

X 

L  H 

X 

-J 

X 

X 

Qo  Qo 

C«.R  70  J  CK  7  PR  70  70 


See  pages  120,  124.  128,  130,  end  132 


jj i2Ji±n_Lr 

ID  1 CK  1  PR  IQ 


SN5474/SN7474U,  N) 
SNS4H74/SN74H74IJ,  N) 
SN54L74/SN74L74IJ.  N) 
SN54LS74fSN74LS74tJ.  N.  W> 
SN54S74/SN74S74U,  N.  W) 


I  PR  IQ  Ifl  GNO  70  20  7  PR 


SN5474/SN7474(W) 

SN54H74/SN74H74(W) 

SNS4L74/SN74L74(T| 


H  ■  high  level  (steady  itata).  L  ■  low  level  (steady  state).  X  ■  irrelevant 

J\  •  high  level  pulse  data  inputs  should  be  held  constant  whita  clock  is  high;  data  is  transfarrad  to  output  on  the  felling  edge  of  the  pulse, 
t  ■  transition  from  low  high  level,  1  ■  transition  from  high  to  low  level 
O q  “  the  lavel  of  Q  before  the  indicated  input  conditions  were  established. 

TOGGLE  fc’ach  output  changes  to  the  complement  of  its  previous  level  on  each  active  transition  (pulse)  of  the  clock. 

•This  confi  guration  is  nonstaole.  that  is.  rt  wifi  not  oersist  when  preset  and  clear  inputs  return  to  their  inactive  (high)  level. 


G-7 


switching  characteristics,  Vcc  *  5  V,  Ta  *  25° C 


8m  following  pagM  lor:  *73-DUAL  J  K  WITH  CLEAR  *109— DUAL  J  K  WITH  CLEAR  AND  PRESET 

*74— DUAL  D  WITH  CLEAR  AND  PRESET  *1 10-GATED  J  K  WITH  CLEAR  AND  PRESET 

'76-DUAL  J  K  WITH  CLEAR  AND  PRESET  '111-DUAL  J  K  WITH  CLEAR  AND  PRESET 

'107 -DUAL  J-K  WITH  CLEAR 
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SSI  GATES  .  .  .  LOGIC  AND  PIN  ASSIGNMENTS  (TOP  VIEWS) 


QUADRUPLE  BUS  BUFFER  GATES 
WITH  THREE  STATE  OUTPUTS 


positive  logic: 

Y  -  A 

Output  is  off  (disabled)  when  C  is  high. 


1C  IA  IV  IC  t*  2V  0.0 


SNS412S/SN7412SU,  N.  W) 


Sea  page  142 


QUADRUPLE  BUS  BUFFER  GATES 
WITH  THREE  STATE  OUTPUTS 


positive  logic : 

Y  -  A 

Output  is  off  (disabled)  when  C  is  low. 


UJlilTL 

tC  IA  IV 


See  page  142 


SN54128  .  . .  7S-OHM  LINE  DRIVER 
EN74128  . . .  50  OHM  LINE  DRIVER 


positive  logic: 
Y  -  ATg 


SN54126/SN74126U.  N.  W) 


oUuUhUeUiUe 


Seepage  104 


QUADRUPLE  2  INPUT 
POSITIVE-NAND 
SCHMITT  TRIGGERS 


positive  logic: 
Y- AB 


IV  IA  IS  tV  2A  tS  CNO 


SN54128/SN74128U,  N.  W) 


«S  4A  4V  3$  IA  JV 


r^i 

Emrmininimr 

IA  IS  IV  2A  te  tv  GAO 


SN54132/SN74132U.  N.  W> 
SN54S132/SN74S132U,  N.  W) 


See  page  98 
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MONOSTABLE  MULTIVIBRATORS  .  .  .  LOGIC  AND  PIN  ASSIGNMENTS  (TOP  VIEWS 


MONOSTABLE  MULTIVIBRATORS 

vcc  "C  **c  C,„  c..,  NC 

FUNCTION  TABLE 


I  INPUTS 

OUTPUTS  | 

A1 

A2 

B 

0 

Q 

L 

X 

H 

L 

H 

X 

L 

H 

L 

H 

X 

X 

L 

L 

H 

H 

H 

X 

L 

H 

H 

4 

H 

JT. 

i_r 

1 

H 

H 

s\ 

u 

4 

4 

H 

n 

u- 

L 

X 

t 

n 

U" 

X 

L 

t 

n 

u 
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FUNCTION  TABLE 


SN54121/SN7412KJ.  N.  W) 
SN54L121/SN74L12UJ,  N,  T) 
*121  .  .  .  Rint  -  2  kO  NOM 
*L121  .  .  .  R,nt-4  NOM 

NC  — No  internal  connection 


RETRIGGERABLE  MONOSTABLE  MULTIVIBRATORS  WITH  CLEAR 

Vcc  <■•••  NC  C,„  NC  0 


INPUTS 

OUTPUTS  | 

CLEAR 

A 1 

A2 

B1 

B2 

0 

0 

L 

X 

X 

X 

X 

L 

H 

X 

II 

H 

X 

X 

L 

M 

X 

X 

X 

L 

X 

L 

H 

X 

X 

X 

X 

L 

L 

H 

X 

L 

X 

H 

H 

L 

M 

H 

L 

X 

t 

H 

n 

u 

H 

L 

X 

M 

r 

a 

TJ 

H 

X 

L 

H 

H 

L 

H 

H 

X 

L 

t 

H 

n 

U 

H 

X 

L 

H 

t 

A 

1/ 

W 

H 

4 

M 

M 

A 

T-T 

H 

4 

4 

N 

H 

A 

1 / 

M 

4 

H 

H 

M 

A 

TJ- 

t 

L 

X 

H 

H 

-a 

"LT 

t 

X 

L 

H 

M 

-a 

*LT 

SN54122/SN74122IJ.  N.  W) 
SN54L122/SN74L122U.  N.  T) 
*122  .  .  .  R,nl  -  10  kO  NOM 
'L122  .  .  .  Rint  -  20  k ft  NOM 
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NC  — No  Internal  connection 


OUAL  RETR1GGERA8LE  MONOSTABLE  MULTIVIBRATORS  WITH  CLEAR 


FUNCTION  TABLE 


INPUTS 
CHAR  |  A  B 

OUTPUTS 

Q  Q 

L 

X  X 

L  M 

X 

H  X 

L  M 

X 

X  L 

L  H 

H 

L  t 

A  V 

H 

4  H 

A  V 

1 

L  M 

-TL  IS 

to  ?0  Cl* 

JVUuLM. 


See  page  138 


SN54123/SN74123U.  N.  W) 
SN54L 1 23/SN74L123U,  N) 


NOTES:  A.  H  -  high  level  (steady  statei.  L  ■  low  level  (steady  state!,  T  -  transition  from  low  to  high  level,  l  -  transition  from  high  to  low 
level,  *  one  high-level  pulse.  1_T  *  one  lew  level  pulse,  X  -  irrelevant  lany  input,  including  transitions). 

B.  To  use  tne  internal  timing  resistor  of  *121,  "L121,  '122.  or  'L122,  connect  R,nt  to  V^C- 

C.  An  external  timing  capacitor  may  be  connected  between  Ce*t  and  Rext^ext  ipositivej. 

O.  For  accurate  repeatable  pulse  widths,  connect  an  external  resistor  between  Rext;^exf  VCC  vvith  open-cireulted. 

E.  To  obtain  variable  ouise  widths,  connect  external  variable  resistance  between  fi,nt  or  Rext^ext  and  ^CC- 
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recommended  operating  conditions 


switching  characteristics,  Vcc  *  5  V,  Ta  *  25°C,  see  note  4 


TIMING  COMPONENT  CONNECTIONS  TIMING  COMPONENT  CONNECTIONS  WHEN 

WHEN  C#-,  <  1000  pF  Ce*t  >  1000  pF  AND  CLEAR  IS  USED 


For  conditions  shown  as  MIN  or  MAX,  use  the  appropriate  value  specified  under  recommended  operating  conditions. 

All  typical  values  ere  at  VqC  *  5  V,  TA  -  25°C. 

h|  -  - 12  mA  for  SN547SN74*  end  -18  mA  for  'S132.  — 

'Not  more  then  one  output  should  be  shorted  et  e  time,  and  for  'SI 32,  duration  of  output  short  circuit  should  not  exceed  one  second. 
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TYPICAL  CHARACTERISTICS* 


ROSUlVEGOlNG  THRESHOLD  VOLTAGE 
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FREE  AIR  TEMPERATURE 
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HYSTERESIS 
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FIGURE  1 


FIGURE  2 


FIGURE  3 


Distribution  of  units 

FOR  HYSTERESIS 
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14.  *l» 

DISTRIBUTION  OF  UNITS 
FOR  HYSTERESIS 
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FIGURE  4 


FIGURE  5 


THRESHOLD  VOLTAGES 


4J  4.7S  •  IJ5  IS 

VQC  l»4Ri  VoH»**-V 


HYSTERESIS 

M 

SUFFlY  VOLTAGE 


m 

m 

m 

“ 

1 

_ 

_ 

3 

■ 

Ml 

s 

an 

HP 

Hnt» 

rvt.  V 

a 

sa 

■ 

a 

■ 

□ 

_ 

_ _ 

3 

«4  «.»*  6  121  SS 

VCC-*mo«-v  Vo#tif»-V 


OUTFUT  VOLTAGE 


INRUT  VOLTAGE 


Vcc-*  V 
.Ta-2S*C 

1 

V 

I- 

c 

L33 

r 

L-  _ 

T 

;  , 

■ 

i  | 

3 

LL 

i 

r 

n 

1 

h 

_ i _ 

3 

3 

' 

L_ 

3 

n 

1 

j 

-4 

d 

: 

lJ 

A 

_ 

“1 

^ZLZ 

Zl 

0  04  OS  U  IS  I 


V|-l"Rut  V«tta»-V 


FIGURE  6 


FIGURE  7 


FIGURE  • 


^Typical  valuai  of  *13,  *14.  and  *132  circuit  typaa. 


Oat  had  linas  in  Figura*  6,  7,  and  8  ara  aopiicabla  for  tha  *14  and  *132  circuit  tvP«>. 
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